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PREFACE. 


Tre First Part of the following Lectures was addressed 
to a Society* of practical agriculturists, most of whom pos- 
sessed no knowledge whatever of scientific Chemistry or Ge- 
ology. They commence, therefore, with the discussion of 
those elementary principles which are necessary to a proper 
understanding of each branch of the subject. Every thing 
in such Lectures, which is not—or may not be—easily un- 
derstood by those to whom they are addressed, is worse than 
useless. It has been my wish, therefore, to employ no scien- 
tific terms, and to refer to no philosophical principles, which 
[ have not previously explained. 

To many who may take up the latter portions of the work, 
some points may appear obscure or difficult to be fully un- 
derstood ; such persons will, I hope, do me the justice to be- 
gin at the beginning, and to blame the Author only when that 
which is necessary to the understanding of the later is not 
to be found in the earlier Lectures. 

For the sake of clearness, I have, in the following pages, 
divided the subject into four Parts—the study of each pre- 
ceding Part preparing the way for a complete understanding 
of those which follow. Thus, Part I. is devoted to the or- 
ganic elements and parts of plants, the nature and sources 
of these elements, and to an explanation of the mode in which 
they become converted into the substance of plants ;—Part 
IL., to the inorganic elements of plants, comprehending the 
study of the soils from which these elements are derived, and 


* The Durham County Agricultural Society, and the Members of the Dur- 
ham Farmers’ Club. 
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the general relations of geology to agriculture ;—Part III., to 
the various methods, mechanical and chemical, by which 
the soil may be improved, and especially to the nature of 
manures, by which soils are made more productive, and the 
amount of vegetable produce increased ;—and Part IV., to 
the results of vegetation, to the kind and value of the food 
produced under different cireumstances, and its relation to 
the growth and feeding of cattle, and to the amount and 
quality of dairy produce. 

By this method I have endeavoured to ascend from the 
easy to the apparently difficult ; and I trust that the willing 
and attentive reader will find no difficulty in keeping by my 
side during the entire ascent. 

The Author has much pleasure in now presenting these 
Lectures to the public in a complete form. He has only to 
express a hope that the delay which has occurred in the pub- 
lication of the latter part of the work has enabled him to ren- 
der it more useful, and therefore more worthy of the public 
approbation. 


Durham, June, 1844. 


Note.—The rapid sale of a large impression having rendered a second 
edition of the first and second Parts necessary before the entire comple- 
tion of the work, such alterations, corrections, and additions only have 
been made as could be introduced without altering the original paging of 
the work. Several oversights, however, have been corrected, and some 
omissions supplied, which presented themselves in the earlier edition. 
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LECTURE I. 


Importance of Agriculture—Relation ofthe growth of food to the population of Great Britain— 
ecent progress and prospects of English Agriculture—Application of Chemical and Geo- 
logical Science to the art of culture—to the improvement of soils—the rotation of crops— 
the application of manures, &c.— Outline of the Course of Lectures—Number and _ nature 
of the elementary bodies—The organic elements Carbon, liydrogen, Oxygen, and Nitro 
gen, their properties and their relations to vegetable life. - 


Were [ about to address you iu a single or detached Lecture only, [ 
should think it my duty te select some one branch of the art of culture 
for special illustration, and without much introductory matter to pro- 
ceed at once to the exposition of the principle or principles on which it 
depended. As the present, however, is only the first of a Series of Lec- 
tures [ hope to have the honor of delivering to you, I may be permitted 
to introduce my subject with a few prefatory remarks, which will bere 
find their appropriate place. : 

In regard to the importance of Agriculture it may appear superfluous 
in me to address you. That art on which a thousand millions of men 
are dependent for their very sustenance—in the prosecution of which 
nine-tenths of the fixed capital of all civilized nations is embarked—and 
probably two hundred millions of men expend their daily toil—that art 
must confessedly be the most important of all; the parent and precursor 
of all other arts. In every country then, and at every period, the in- 
vestigation of the principles on which the rational practice of this art is 
founded, ought to have commanded the principal attention of the great- 
est minds. To what other object could they have been more benefi- 
cially directed ? 

But there are periods in the history of every country when the study 
of Agriculture becomes more urgent, and in that country acquires a 
vastly superior importance. When a tract of land is thinly peopled, 
like the newly settled districts of North America, New Holland, or 
New Zealand, a very defective system of culture will produce food 
enough not only for the wants of the inhabitants, but for the partial sup- 
ply of other countries also. But when the population becomes more 
dense, the same imperfect or sluggish system will no longer suffice. 
The land must be better tilled, its special qualities and defects must be 
studied, and means must gradually be adopted for extracting the maxi- 
mum produce from every portion susceptible of cultivation. 

The British islands are in this latter condition. Agriculture now is 
of vastly more importance to us as a nation, than it was towards the 
close even of the last century. In 1780, the island of Great Britain 
contained about 9 millions of inhabitants; it now contains nearly 20. 
The land has not increased in quantity, but the consumption of food has 
probably more than doubled. ‘The importation from abroad has not in- 
creased to any important extent; by improved management, therefore, 
the same area of land has been caused to yield a double produce. 

But the population will continue to increase; can we expect that the 
food raised from the land wil! continue to increase in the same ratio? 


£2 ON IMPROVEMENTS 1N AGRICULTURE. 


This is an important question, to which we can give only an imperfect 
and somewhat unsatisfactory answer. 

The superficial area of Great Britain comprises about 57 millions of 
acres, of which 34 millions are in cultivation, about 13 millions are in- 
capable of culture, and the remaining 10 millions are waste lands suscep- 
tible of improvement. The present population, therefore, is supported 
by the produce of 34 millions of acres, or every 34 acres raises food for 
about 20 people. Suppose the 10 millions of acres which are suscepti- 
ble of improvement to be brought into such a state of culture as to 
maintain an equal proportion—the most favourable supposition—they 
would raise food for an additional population of about 6 millions, or 
would keep Great Britain independent of any large and constant foreign 
supply till the number of its inhabitants amounted to 26 millions. 
But at the present rate of increase this will take place in about 20 
years,* so that by 1860, unless some general improvement take place 
in the agriculture of the country, the demands of the population will 
have completely overtaken the productive powers ef the land. 

But though we cannot say how far the fertility of the soil may be in- 
creased, or how long it may be able to keep a-head of the growing 
numbers of the people, we have our own past experience, the example 
of other countries, and the indications of theory, all concurring to per- 
suade us that the limit of its productive powers can neither be predicted 
nor foreseen. 

If we glance at the history of British agriculture during the last half 
eentury—from the introduction of the green crop system or the alternate 
husbandry from Flanders into Norfolk, up to the present time—we find 
the results of each successive improvement more remarkable than the 
former. The use of lime, a more general drainage of the soil, the in- 
vention of improved ploughs and other agricultural implements, as well 
as the introduction of better and more economical modes of using them, 
the application of bone manure, and more recently of thorough draining 
and subsoil ploughing, have all tended not only to the raising of crops 
ata less cost, but in far greater abundance, and on spots which our 
forefathers considered wholly unfit for the growth of corn. 

The result of each new improvement, I have said, has seemed more 
astonishing than the former. For after a waste piece of land has been 
brought into an average state of productiveness, we are not prepared for 
any great improvement upon it by new labours; nor could we readily 
believe that, half a century afier such land had been in culture, its pro- 
duce or its value should at once be doubled, by a better draining, a 
deeper ploughing, or by sprinkling on its surface a small quantity of a 
saline substance imported from a foreign country, 

Yet the example of the Clinese shows us that the productive powers 
of the soil are not to be easily estimated. Nothing repays the labours 
of the husbandman more fully than the willing soil—nothing is more 
grateful for his attention, or offers surer rewards to patient industry, or 
to renewed attempts at improvement. 

In China we see a people whom we cal] semi-barbarians, multiply- 
ing within their own limits till their numbers are almost incredible 


* For more precise data and calculations see Porter’s Progress of the Nation. 
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practising from the most remote ages, and in the most skilful manner, 
various arts which the progress of modern science has but recently in- 
troduced into civilized Europe; cultivating their soil with the most assid- 
uous labour, and stimulating its fertility by means which we have hith- 
erto neglected, despised, or been wholly ignorant of—but which the dis- 
coveries of the present time are pointing out as best fitted to secure the 
amplest harvests—and have thus been enabled to compel their limited 
soil to yield a sufficient sustenance to its almost unlimited population.* 

Experience and example, therefore, encourage us to look forward to 
sull further improvements in the art of culture, and, independent of such 
as may be derived from purely mechanical principles, theoretical 
cnemistry seems to point out the direction in which important advances 
of another kind may reasonably be anticipated. The Chinese are said 
to be not only familiar with the relative value and efficiency of the va- 
rious manures, but also to understand huw to prepare and apply without 
loss that which is best fitted to stimulate and support each kind of plant. 
How far this statement is exaggerated we are unable at present to de- 
termine, but it is in this direction that chemistry appears likely to pro- 
mote the advance of European agriculture. The practical farmer al- 
ready rejoices in having in one ton of bone dust the equivalent of 14 
tons of farm-yard manure; some of the most skilful living chemists 
predict that methods will hereafter be discovered for compressing into a 
still less bulky form the substances required by plants, and that we 
shall live to see extensive manufactories established for the preparation 
of these condensed manures.+ 


* An intelligent correspondent reminds me that the agricultural skill of the Chinese is 
questioned by recent writers on the customs of that country. This doubt is founded chiefiy 
on the rudeness of their agricultural implements and the scarcity of cattle, whether horses 
or cows, among them. But inthis densely peopled country the hoe they employ serves 
the purpose of every other implement (Davis’s China, ii. 282). and where the place of cat- 
tle is supplied by an equivalent number of men, there can be no comparative want of 
valuable manure. The population of China, however, is probably notso dense in all the 
Pprovinees as it has hitherto been supposed. Many writers have estimated the entire 
eg at 300 millions, while recent statists reduce it to 175 millions. Taking even the 

igher estimate, the population is not more dense than in England and Holland—the area 
of China proper being 1,200,000 square miles, or eight limes that of France. It is considera- 
bly less dense, indeed, if we take into account the number of horses and cattle which iu 
Europe are reared and fed on the produce of the land. We may hereafter expect more ac- 
curate information, however, cspecially regarding the interior of this interesting country.— 
See Appendix A. 


1 Should the opinions above expressed appear too sanguine to some, or be treated by any 
of my readers as merely theoretical, | would refer them tothe words of Mr. Smith of Dean- 
ston, the inventor of the subsoil plough, and the introducer of the greatest practical im- 
provement in modern agricullure, After stating that at least three fourths of the achole ara- 
ble land in the country is under very indifferent culture, chiefly from the want of complete 
draining and deep working, and, adverting to the increased produce it may be made to 
yield, he says, “it is not atall improbable that Britain may become an exporting country in 
grain in the course of the next twenty years,””—Remurks on Thorough Draining and Deep 
Ploughing, by James Smith, Esq., of Deanston Works, p. 22. Were the population to 
remain stationary, Mr. Smith may be right; at all events, this opinion shows that even 
practical men do not despair ef attaining toa pitch of improvement in agriculture which 
theoretical writers dare not venture to predict. 

But among all persons of enlarged information a similar opinion prevails. Thus the 
eloquent author of arecent work on the principles of popuiation says, “the single alteration 
of substituting the kitchen-garden husbandry of Flanders in our plains, and the terraced 
culture of Tuscany in our hills, for the present system of agricultural management, would 
at once double the produce of the British islands, and procure ample subsistence for twice 
the number of its present inhabitants.’’—Alison’s Principles of Population, 1. p. 216. These 
hopes are not to be rejected or suppressed ; for, though they may never be fully realized, 
is they are, as it were, the seeds of exertion, from which ample harvests of good may 

oreafter be reaped. 
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Thus much may be said in regard to the future hopes and prospects 
of scientific agriculture.* But how few practical men are acquainted 
with what is already known of the principles of the important art by 
which they live! ‘Trained up in ancient methods—attached generally 
to conservative principles in every shape—the practical agriculturists, 
as a body, have always been more opposed to change than any other 
large class of the community. They have been slow to believe in the 
superiority of any methods of culture which differed from their own, 
from those of their fathers, or of the district in which they live—and, 
even when the superiority could no longer be denied, they have been 
alinost as slow to adopt them. 

But the awakening spirit of the time is making itself felt in the re- 
motest agricultural districts; old prejudices are dying out, and the cul- 
tivators of this most ancient, most important, and noblest of all the arts, 
are becoming generally anxious for information, and eager for improve- 
ment.* 

Two circumstances have contributed to retard the approach of this 
better state of things. 

In the first place, the agricultural interest in England has hitherto 
expended its main strength in attempting to secure or maintain impor- 
tant political advantages in the state. The encouragement of experi- 
mental agriculture has been in general neglected, while the diffusion 
of practical knowledge has been either wholly overlooked or considered 
subordinate to other objects. No nativnal efforts have been made for 
the general improvement of the methods of culture. While for the 
other important classes of the community special schools have been es- 
tablished, in which the elements of all the branches of knowledge most 
necessary for each class have been more or less completely taught, and 
a more enlightened, because better instructed, race of men gradually 
trained up, no such schools have been instituted for the benefit of the 
agriculturist. In our Universities, in which the holders of land, those 
most interested in its improvement, are nearly all educated, a lesson 
upon agriculture, the right arm of the State, has hitherto scarcely ever 
been given.{ With the practice of the art, the theory has also been 


Those who have access to the Journal of the Royal English Agricultural Society will 
find in the first number a paper by Mr. Pusey, ‘On the present state of the science of Agri- 
enlture in England,” in which much valuable information is contained, and of a more prac- 
tical kind than I have been able to introduce. This paper ought tobe printed ina separate 
form, and circulated widely among those who are not members of the Royal English Agri- 
cultural Society. 

t This opinion has been confirmed by the numerous communications I have received 
from all parts of the country since the publication of these Lectures was announced, and in 
which Lam assured that the want of knowledge is generally felt, and a supply ina sufficient- 
ly elementary form desired, by all classes of agriculturists. I conclude, therefore, that Lie- 
big means the following sentence to apply to his German countrymen: What can be ex 
pected from the present (generation of) farmers, which recoils with seeming distrust and 
aversion from all the means of assistance offered it by chemistry, and which does not un- 
derstand the art of making a rational application of chemical discoveries.” I do not think 
chemists ought in fairness to blame the practical agriculturists for not understanding the 
art of applying chemical discoveries to the improvement of the culture of the land. They 
must first Know what the discoveries are; and the error has hitherto been, that no steps 
have been taken to diffuse this preliminary knowledge. 


t However satisfied young men may be to avoid the labor of additional study while at 
College, how many in after-life regret that their early attention had not been directed to 
some of those branches of knowledge which are applicable to common life. Thus the late 
Lord Dudiey, in his letters to the Bishop of Llandaff, invariably laments, ‘as mistakes in 
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nezlected. Scientific men have had no inducement to devote their 
time and talents to a subject which held out no promise of reward, 
either in the shape of actual emolument or of honorary distinction. 
And thus has arisen the second of those circumstances, by which I con- 
sider the approach of a better state of things to have been retarded— 
namely, the want of an Agricultural Literature. 

With the exception of a small number of periodical publications, 
none of these even too well supported, by which attempts have been 
zealously made to diffuse important information among the practical 
farmers—it cannot be denied that the press has not been encouraged to 
do its utmost on behalf of agricultural knowledge in general—while the 
single work of Sir Humphry Davy is nearly al! that chemical science 
has, in this country, been induced to contribute to the advancement of 
agricultural theory during the last forty years.* 

any of you have probably read this work of Sir Humphry Davy, 
and are prepared to acknowledge its value. Yet how many things 
does ihe pass over entirely, how many things leave unexplained! Since 
his time, not only have numerous practical observations and discoveries 
been made, but the entire science of animal and vegetable chemistry 
has been regenerated. We are not, therefore, to expect in his work a 
view of the present state, either of our theoretical knowledge, or of our 
practical agriculture. It belongs rather to the history of the progress of 
knowledge, than to the condition of existing information. Hence the 
merits of the agricultural chemistry of Davy are not to be tried by its 
accordance with actual knowledge, but with what was known in 1812, 
when its distinguished author read his course of lectures for the last 
time before the Board of Agriculture. 

We may with certainty predict, however, that neither the practice 
nor the theory of agriculture will be permitted to experience in future 
that want of general encouragement under which during the last half 


his early life, his unacquaintance with the rudiments of agriculture—his ignorance of bota- 
ny and geology.”’—(See also a note to the Review of these Letters in the Quarterly Review 
for December, 1540.) 

For this state of things we shall soon have at least a partial remedy. It isa remarkable 
fact that nearly all the new educational institutions of the higher class, on the Continent of 
Europe, of which so many have been founded within the present century, and all those 
which have been established in Ameriza, I believe, without exception, have incorporated 
into their course of general study one or more of the newer sciences. Can we have a more 
consentaneous and universal testimony to their value and importance than this? The Uni- 
versity of London has been induced, by the same public demand for this species of instruc- 
tion, to include Chemistry and Botany in its course of arts; and cirenmstances only have 
caused Geology to be omitted for atime. Its numerous affiliated institutions have followed 
its steps; and hence the Catholic College of St. Cuthbert, at Ushaw, has in this respect an- 
ticipated its Protestant neighbor at Durham. 

But should the agricultural interest rest satisfied with this introduction of one or two 
branches, suppose it generally done, into the University course of study? Many are of 
opinion that it ought not, and that the general interests of practical agriculture would be 
manifestly promoted, among other means, by the establishment of agricultural colleges, in 
which all the branches necessary to be known by enlightened agriculturists of every class 
should be specially and distinctly taught. Whether such Colleges might be beneficially 
annexed to the existing Universities, is a question deserving of serious consideration. 


* The latest edition of Lord Dundonald’s “ Treatise on the intimate connection between 
Chemistry and Agriculture,” which I have seen, is dated London, 1803 

I should be doing injustice to a good chemist and a zealous agriculturist, were I not to 
direct the attention of my readers to a series of excellent articles on chemical agriculture 
by Dr. Madden, inserted in the numbers of the Quarterly Journal of Agriculture for the last 
two years. 

Since the above went to press, Three Lectures on Agriculture have appeared from the 
pen of Dr. Daubeny, of Oxford, whose name will secure them an extended circulation. 
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eentury they have in England been perinitted to languish. The public 
mind has been awakened, and the establishment of Agricultural Associ- 
ations. provincia] and local, are manifestations of the interest now felt 
upon the subject in all parts of the country. It requires only the general 
exhibition of such an interest, and the adoption of some general means of 
encouragement, to stimulate both practical ingenuity and scientific zeal 
to expend themselves on this most valuable branch of naticnal industry. 

Science is never unwilling to lend her hand to the practical arts ; on 
the contrary, she is ever forward to proffer her assistance, and it is not 
till her advances have been rejected or frequently repulsed, that she re- 
frains from aiding in their advancement. 

Need I advert, in proof of this, to the unwearied labours of the vege- 
table physiologists—or to the many valuable observations and experi- 
ments recorded in the memoirs of scientific chemists. In these memoirs, 
or in professedly scientific works, such observations have not utifre- 
quently been permitted to rest;—the public mind being unprepared 
either to appreciate their value or to encourage the exertions of those wo 
were willing to give them a practical and popular form. 

And how numerous are the branches of science connected with this 
att? Need I speak of botany, which is, as it were, the foundation on 
which the first elements of agriculture rest; or of vegetable physiology, 
to the indications of which it has hitherto almost exclusively looked for 
improvement and increased success; or of zoology, which alone can 
throw light on the nature of the numerous insects that prey upon your 
crops, and so often ruin your hopes,—and which can alone be reason- 
ably expected to arm you against their ravages, and instruct you to ex- 
tirpate them ? Meteorology among her other labours tabulates the highest, 
the mean, and the lowest, temperatures, as well as the quantity of rain 
which falls during each day and each month of the year. Do you 
doubt the importance of such knowledge to the proper cultivation of the 
land? Consider the destructive effects of a late frost in spring, or of a 
continued heat in summer, and your doubts will be shaken. A wet sea- 
son in our climate brings with it many evils to the practical agriculturist ; 
but what effect must the rain have on the soil, in countries where nearly 
as much falls in a month, as in England during the course of a whole 
year ;*—where every thing soluble is speedily washed from the land, and 
nothing seems to be left but a mixture of sand and gravel? It may 
indeed be said with truth, that no department of natural science is inca- 
pable of yielding instruction—that scarcely any knowledge is superflu- 
ous—to the tiller of the soil. 

It is thus that all branches of human knowledge are bound together, 
and all the arts of life, and all the cultivators of them, mutually de- 
pendent. And it is by lending each a helping hand to the others, that 
the success of all is to be secured and accelerated; while with the gene- 
ral progress of the whole the advance of each individual is made sure. 

The recent contributions and suggestions of geology are the best proof 
of the readiness of the sciences of observation to give their aid to the 
promotion especially of agricultural knowledge. The geologist can 
best explain the immediate origin of your several soils, the cause of the 


* At Canton, in the month of May. the fall of rain is often as much as 20 inches. 
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diversities which even in the same farm, it may be in the same field, 
they not unfrequently exhibit;* the nature and differences among your 
subsoils, and the advantages you may expect from breaking them up or 
bringing them to the surface. 

Geology is essentially a popular science, and the talents of its emi- 
nent English cultivators are admirably fitted to make it still more so. 
Hence, a certain amount of knowledge of this scieuce has been of late 
years very generally diffused, and its relations to agriculture are be- 
coming every day better understood. The Highland Society of Scot- 
land, among its many other useful exertions, has done very much to 
connect agriculture and geology with the sphere of its own labours, 
while the Journal of the Royal Agricultural Society of England mani- 
fests a similar desire on the part of that numerous and talented body, to 
illustrate the connection of agriculture with geology and chemistry, in 
the southern division of the island. That Dr. Buckland, Mr. Murchi- 
son, and Mr. De la Beche have each engaged to make a gratuitous sur- 
vey of the subsoils in several extensive agricultural districts, at the re- 
quest of the Council of this Society, shows that, where their services are 
estimated, our most eminent scientific men will not hesitate to devote them 
to the development of the most important branches of national industry. 

The time, therefore, is peculiarly favourable for the increase and diffu- 
sion of agricultural knowledge. The growth of our population re- 
quires it—practical men are anxious to receive instruction—scientific 
men are eager to impart what they know, and to make new researches 
for the purpose of clearing up what is unknown—are we not justified, 
therefore, in anticipating hereafter a constant and general diffusion of 
light, a steady progress of agricultural improvement ? 

Having thus glanced at the state and prospects of scientific agricul- 
ture in general, and especially of the art of culture in England, permit 
me to advert to a few of those questions of daily occurrence among you, 
to which chemistry alone can give a satisfactory answer. I shall not in 
this place allude to the subject of manures—which form aloue an entire 
chapter of most recondite chemistry, and which I shall take up in its 
proper place, but [ shall select a few isolated topics, the bearing of 
chemical knowledge upon which is sufficiently striking. 

Some soils are naturally barren, but how few of our agriculturists are 
able, in regard to such soils generally, to say why ; how few who pos- 
sess the knowledge requisite for discovering the cause! Of these bar- 
ren lands some may be improved so as amply to repay the outlay ; some, 
from their locality or from other causes, are in the present state of our 
knowledge irreclaimable. How important to be able to distinguish be- 
tween these two cases ! 


* I cannot refer to a plainer, more simple, or more beautiful illustration of this fact than 
that which is presented in a short paper by Sir John Johnstone, Bart., inserted in the Jour- 
nal of the English Agricultural Society, L. p. 271, entitled “On the Application of Geology to 
Agriculture.” See also an able paper by the Rev. Mr. Thorpe, of which a valuable report is 
contained in the Doneaster Chronicle of December 5th, and which will be published in the 
proceedings of the Geological and Polytechnic Society of the West Riding of Yorkshire. 


t Journal of the Royat Agricultural Society, Report of their Council, I. p. 188. 

To form a just idea of the value and importance of such surveys, it is only necessary to 
read chap. xv., pp. 463 to 480, of Mr. De la Beche’s “ Geological Report on Cornwalland De- 
von,” sh Professor Hitchcock’s “ Report on a re-examination of the Economic Geology of 

usetts.”” 
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Some apparently good soils are yet barren in a high degree. In en- 
deavouring to improve such soils, practical men have no general rule— 
they can have none. They work in the dark—like a man who makes 
experiments in a laboratory, without a teacher or without a book, ull, 
after many blunders and much expense, he discovers some fact, to him- 
self new, but to others long known, and forming only one of many ana- 
logous facts, flowing from a common, and probably well understood, 
principle. y 

‘“« The application of chemical tests to such a soil,” says Sir Humphry 
Davy, ‘‘is obvious. It must contain some noxious principle, [or be de- 
ficient in some necessary element.—J.] which may be easily discovered 
and probably easily destroyed. Are any of the salts of iron present, 
they may be decomposed by lime. Is there an excess of siliceous sand, 
the system of improvement must depend on the application of clay and 
calcareous matters. Is there a defect of calcareous matter, the remedy 
is obvious. Is an excess of vegetable matter indicated, it may be re- 
moved by liming, paring, and burning. Is there a deficiency of vege- 
table matter, it is to be supplied by manure.”—[ Agricultural Chemistry, 
Lecture 1.] 

What was true in regard to the applications of chemistry in the time 
of Sir Humphry Davy is more true in a high degree of the chemistry 
of our time. Not only is the nature of soils better understood, but we 
know in many cases what a soil must contain before it will produce a 
given crop. Why do pine forests settle themselves on the naked and 
apparently barren rocks of Scotland and of Northern Europe, content if 
their young roots can find but a crevice in the mountain to shelter them ? 
Why does the beech luxuriate in the alluvial soils of Southern Sweden, 
of Zealand, and Continental Denmark? Why does the birch spring 
up from the ashes of the pine forest—why the rapid rush of delicate 
grass from the burned prairies of India and of Northern America? 
Whence comes the thick and tender sward of the mountain limestone 
districts—whence the gigantic wheat stalk of a virginsoil? Why do 
the same forest trees propagate themselves for ages on the same spets 
without impoverishing the soil—why do the natural grasses, the longer 
they are undisturbed, render the land only the more fertile ? 

These, one would think, are scarcely chemical questions, and yet to 
all of them, and to a thousand such, chemistry alone can and will give 
a satisfactory answer. 

The rotation of crops is a practical rule, the benefit of which has 
been proved by experience; it becomes a true philosophical principle 
of action, when we discover the causes from which this benefit springs. 
Botany has thrown considerable light, and of an interesting and impor- 
tant kind, upon this practice, but chemistry has fully cleared it up and 
established che principle. 

Sir Humphry Davy speaks of the use of lime. Cap you explain the 
mysterious, and apparently fickle and diversified, agency of this sub- 
stance in reference to vegetation? Are the advantages so frequently 
attendant upon its use to be ascribed to the chemical character of the 
soil to which it is applied, to the kind and quantity of the vegetable 
matter it contains, or to the geological nature of the rocks on which it 
rests? Are they dependent upon the drainage and exposure of the 
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land—on the kind of crop to be raised—on the general climate of the 
district—on the maxima ‘and minima of temperature—or on the quanti- 
ty of rain which falls? 

So with gypsum. Why are its effects lauded in one district, doubted 
in another, and decried in a third! Are no rules or principles to be 

. discovered, by which these diversified effects are to be explained, and 
the true purpose and fit use of these and other mineral substances clear- 
ly pointed out? Such principles are yet to be sought for; but if 
sought by the way of well devised and accurately conducted experi- 
ment, they are sure to be discovered. 

The land is exhausted by frequent cropping. What language more 
familiar, what statement more true than this? Yet how few under- 
stand what exhaustion implies; how few can explain either how it 
takes place, by what means it can be remedied, or how, if et to her- 
self, nature at length does apply a remedy ! 

Have you any doubt in regard to the prevailing ignorance on this 
subject? To be satisfied, you have only to look with an experienced 
eye on the agricultural practice of the county of Durham. Are there 
not thousands of acres in the centre of this county which exhibit a de- 
gree of unproductiveness not natural to the soil;—which have been 
overcropped, and worn out, and impoverished? <A soil comparative- 
ly fertile by nature has been rendered unfertile by art. That which 
was naturally good has been rendered as unproductive and unprofitable 
as that which was naturally bad. Has this state of things arisen from 
ignorance, from design, or from necessity? By whichever of these it 
has beeu immediately caused, it is clear that the requisite degree of 
knowledge on the part of the owners of the soil would have retarded if 
not wholly prevented it. 

The same knowledge will enable them to reclaim these lands again, 
and gradually restore them to a more fertile condition ; for the changes 
which the soil undergoes in such circumstances are all chemical 
changes,—either in the relative quantities of the substances it contains, 
or in the state of combination in which they exist. 

The art of culture indeed is almost entirely a chemical art, since 
nearly all its processes are to be explained only on chemical principles. 
If you add lime or gypsum to your land, you introduce new chemical 
agents. If you irrigate your meadows, you must demand a reason 
from the chemist for the abundant growth of grass which follows. Do 
you find animal manure powerful in its action, is the effect of some 
permanent, while that of others is speedily exhausted 7—does a mixture 
of animal and vegetable nianure prepare the land best for certain kinds 
of grain t—do you employ common salt, or gypsum, or saltpetré, or ni- 
trate of soda, with advantage ?—in all these cases you observe chemical 
results which you would be able to contro! and modify did you possess 
the requisite chemical knowledge. 

It is not wonderful that even theoretical agriculturists should be far 
behind in the knowledge of those principles on which their most impor- 
tant operations depend. The greatest light has been thrown upon the 
art of culture by the researches of organic chemistry, a branch which 
may be said to have started, if not into existence, at least into a new 


life, withia the last ten years. Every day too is adding to the number 
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and value of its discoveries, and the agriculturist may well be pardoned 
for not keeping pace with the advances of a department cf science, 
which even the professed and devoted chemist can scarcely overtake. 

I might advert also to the mechanical operations of ploughing, wheth- 
er common or subsoil, of fallowing, draining, weeding, and many 
others, as being only so many methods by which chemical action is in- 
duced or facilitated ;—to the growth of plants, and even to such ob- 
served differences as that of the relative quantity of leaves and tubers in 
the potatoe, and of grain and straw in our corn-fields, as interesting 
cases on which scientific chemistry throws a flood of light. I might 
shew how the feeding of your cattle and the raising and management 
of dairy produce are not beyond the province of chemistry, but that the 
only approach to scientific principle yet made, even in these branches 
of husbandry, is derived from the results of chemical research. 

But [I do not dwell on any of these points: they will all hereafter 
come under our review in their appropriate order, and will afford me an 
opportunity of laying before you many important facts, as well as, I 
hope, valuable practical deductions and observations. 

While, however, I feel justified in saying thus much of the light 
which existing chemical knowledge throws on the natural processes of 
vegetation, and on the artificial methods of practical agriculture, I 
would not lead you to suppose that our knowledge is by any means 
complete, that there are not many points over which much darkness 
still rests—that some of the theoretical views now entertained are not 
crude, adopted too hastily, and generalized too rapidly. But a similar 
confession may be made in reference to all the modern sciences of ob- 
servation without diminishing their importance or detracting from the 
value of the facts they embody. Human science is progressive in all 
its branches, and to refuse to follow the indications of existing know- 
ledge because it is to some extent uncertain, would be as foolish as to 
refuse to avail ourselves of the morning’s light, because it is not equal 
to that of the midday sun. 


1 advance, therefore, to the special object of these lectures, and I shall 
first present you with a rapid outline of the method which I intend to 
follow. It is indispensable that this method should be simple, and that 
every consecutive portion should be so fitted to clear the way for, and 
throw light upon, what is to follow, that we may be able to advance 
from. the first rudiments to the most difficult and abstruse parts of our 
subject, without any chance of the illustrations being even difficult to 
comprehend. This end I do not hope perfeetly to attain, but it will be 
my constant aim, and, with due attention on your part, I do not fear 
that we shall fail in arriving at a perfect understanding of the various 
points to which I shall have occasion to direct your attention. 

I propose, therefore, to bring before you— 

I. The constitution of vegetable substances with the properties of the 
elementary and compound bodies which either enter into the substances 
of plants or contribute to their growth and nourishment. 

II. The general structure and functions of the several parts of plants 
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—their mode of growth—and the manner in which their fooa is ab- 
sorbed, changed, and converted into parts of their substance. 

Ill. The origin, nature, and principal differences of soils—with the 
circumstances on which their relative fertility depends, or under which 
it is modified. 

IV. The nature and differences of manures, and their mode of action, 
whether directly in supplying food to the plant, or indirectly in hasten- 
ing and increasing their growth. 

V. The nature and diversities of the food raised as the result of cul- 
ture—especially in reference to their several equivalents or powers of 
supporting animal life. 

Under this head the feeding of cattle and the variations in the quan- 
tity and quality of dairy produce, will form subjects of consideration. 

These different branches, I believe, comprehend the whole subject 
of chemical agriculture ; in regard to all of them we shall derive either 
from chemistry or geology much important information. 


§ 1. Different kinds and states of matter. 


All the forms of matter which present themselves to our view, 
whether in the solid crust of the globe on which we live, in the air 
which forms the atmosphere by which we are surrounded, or in the bo- 
dies of animals and plants—all are capable of being divided into the two 
great groups of organic and inorganic matter. The solid rocks and soils, 
the atmosphere, the waters of the seas and oceans, every thing which 
neither is nor has been the seat of life, may generally be included under 
the head of inorganic matter. The bodies of all living animals and 
plants, and their dead carcases, consist of organic or organized matter. 
These generally exhibit a kind of structure readily visible by the eye, 
as in the pores of wood, and in the fibres of hemp, or cf the lean of 
beef,* and are thus readily distinguished from inorganic matter, in 
which no such structure is observable. 

But in many substances of organic origin also, no structure is obser- 
vable. Thus, sugar, starch, and gum, are formed in plants in great 
abundance, and yet do not present any pores or fibres; they have never 
been endowed with organs, yet being produced by the agency of living 
organs, they are included under the general name of organic matter. 
So when animals aud plants die, their bodies undergo decay, but the 
matter of which they are composed is considered as of organic origin, 
not only as long as any traces of structure are observable, but even after 
all such traces have disappeared. Thus coal is a substance of organic 
origin, though almost all traces of the vegetable matter from which it 
has been derived, have been long ago obliterated. 

Again, heat chars and destroys wood, starch, and gum, forming black 
substances totally unlike the original matter acted upon. By distillation, 
wood yields tar and vinegar; and by fermentation, sugar is converted 
first into alcohol, and then into vinegar. All substances derived fron: 
vegetable or animal products by these and similar processes are included 
under the general designation of organic bodies. 


* The pores of wood and fibres and minute vessels in animals being the organs or instru- 
ments of life, the substances themselves are called organized or organic. 
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Now if we take a portion of almost any of those numerous forms 
of matter which we meet with either in the inorganic or in the organie 
kingdoms, we find, that on subjecting it to certaim ehemical processes, it 
is capable of being resolved or separated into more than one substance. 
Thus coal when put into a gas retort is resolved into tar, coal gas, and 
certain other substances. Wood, wher treated in the same way, yields 
pyroligneous acid, tar, and water, and leaves behind a residue of char- 
coal. If again we subject charcoal to the action of heat (not in the 
open air), or to any other process we can devise, we can never separate 
any thing further from it. After all our operations we obtain only 
charcoal. ; 

So a piece of common lead ore, when heated in a similar manner, 
will, if pure, give off sulphur only, and leave the lead behind, from which 
nothing but lead can afterwards be extracted. 

Thus it is evident that wood and the ore of lead differ from charcoal 
and metallic lead in this respect, that the former consist of more than one 
kind of matter, the latter of one kind of matter only. Hence charcoal 
and lead are called simple or elementary bodies, while wood and all oth- 
er substances which are capable of being resolved into two or more 
different kinds of matter are called compound bodies. 

The diversified forms of matter which present themselves to our no- 
tice in the mineral crust of the globe, and in the organs and vessels of 
plants and animals, are absolutely without number. We can no more 
reckon them than we can the starsof heaven. Yet itis one of those re- 
sults of modern chemistry which to the mind not yet familiarized 
with chemical discoveries appears most wonderful,—tnat these num- 
berless forms of matter are capable of being resolved into, and there- 
fore are composed or made up of, only 55* of those simple or ele- 
mentary substances, the nature of which has been above explained. 
Occasionally these elementary substances occur in a separate state, as 
in native [so called when found in the malleable state,] gold and silver, 
but they are generally found associated together, forming substances 
from which several of the 55simple bodies may be extracted. 

All the material substances in nature consist of one or more of these 
55 elementary bodies. This is sufficiently surprising, yet it is, if pos- 
sible, still more remarkable that nearly the entire mass of every vege- 
table substance may be reselved into one or more of four only of these 
simple substances. 

When a portion of animal or vegetable matter is burned it either en- 
tirely disappears or leaves behind it only a small quantity of ash. Ani- 
mal and vegetable oils and fats, gum, sugar, and starch, when burned, 
disappear entirely; a piece of wood or of lean meat leaves a small 
quantity of earthy (inorganic) matter behind. 

Now all that disappears when any portion of vegetable matter, of any 
kind, is burned, consists generally of three, and only in some rare cases 


" The names of these elementary bodies are as follows :~Oxygen, hydrogen, nitrogen, 
sulphur, selenium, phosphorus, chlorine, bromine, iodine, fluorine, carbon, boron, silicon, 
potassinin, sodium, lithium, barium, strontium, calcium, magnesium, aluminium, glucinium, 
yttrium, zirconium, thorium, cerium, lanthaniam, manganese, iron, cobalt, nickel, zinc, 
eadmium, lead, tin, bismuth, copper, uranium, mercury (quicksilver), silver, alladium, 
iridium, platinum, gold, osmium, titanium, tantalum (columbium), tungsten, molybdenum, 
vanadium, chromium, antimony, tellurium, arsenie. 
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of more than four, of the elementary bodies. These four are carbon, 
oxygen, hydrogen, and nitrogen. With the exception of the matter ir* 
destructible by fire (the ash), ckemical analysis* has hitherto failed todetecr 
the presence, in any notable quantity, of more than these four substances. 
The same remarks apply with almost equal truth to animal substances. 
The destructible part of these also consists of the same four elements. 

To the agriculturist, therefore, an acquaintance with these four con- 
stituent parts of all that lives and grows on the face of the globe is 
indispensable. It is impossible for him to comprehend the laws by 
which the operations of nature in the vegetable kingdom are conducted, 
ner the reason of the processes he himself adopts in order to facilitate or to 
modify these operations, without this previous knowledge of the nature 
of the elements—the raw materials as it were—out of which all the 
products of vegetable growth are elaborated. 

I shall first, therefore, exhibit to you briefly the properties of these 
organic constituents of plants, in order that we may be prepared for the 
further inquiries—by what meansor in what form they enter into the cir- 
culation of plants—and how, when they have so entered, they are con- 
verted into those substances of which the skeleton of the plant consists 
or which are produced in its several organs. 


§ 2. Carbon—its properties and relations to vegetable life. 


Carbonisthe name given by chemists to the substance of wood char- 
coal in its purest form. When wood is distilled in close vessels, or 
burned in heaps covered over, so as to prevent the free access of air, 
wood charcoal is left behind. When this process is well performed, the 
eharcoal consists of carbon with a slight admixture only of earthy and 
saline matters, which remain behind on burning the charcoal in the air. 

Heated in the air, charcoal burns with little ame, and, with the ex- 
ception of the ash which is left, entirely disappears. It is converted into 
a kind of air known among chemists by the name of carbonic acid, which 
ascends as it is formed and mingles with the atmosphere. 

Charcoal is light and porous, and floats upon water, but plumbago or 
black lead and the diamond, which are only other forms of carbon, are 
heavy and dense. The former is 24, and the latter 35, times heavier 
than water. The diamond is the purest form of carbon, and at a high 
temperature it burns in the air or in oxygen gas, and, like charcoal, dis- 
appears in the state of carbonic acid gas. 

Of this carbon all vegetable substances contain a very large portion. 
It fornas from 40 to 50 per cent., by weight, of all the parts of plants 
which are cultivated for the food of animals or of man, [that is, of these 
plants in their dried state.] In the economy of nature, therefore, it per- 
forms a most important part. 

The light porous charcoals obtained from wood [especially from the 
willow, the pine, and the box], and from animal substances, possess 
several interesting properties, which are of practical application in the 
art of culture. 1°. They have the power of absorbing in large quanti- 
ty into their pores, the gaseous substances and vapours which exist in 


* Under the general name of chemical analysis are comprehended the various processes 
by which, as above explained, natural forms of matter may be resolved or separated into 
the several elements or simple substances of which they consist. 

} 
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the atmosphere ;* and on this property, as I shall explain hereafter, the 
use of charcoal powder as a manure probably in some measure depends. 
2°. They also separate from water any decayed animal matters or col- 
ouring substances which it may hold in solution ; hence its use in filters 
for purifying and sweetening impure river or spring waters, or for clari- 
fying syrups and oils. This action is so powerful that port wine is 
rendered perfectly colourless by filtering through a well prepared char 
coal. 

In or upon the soil charcoal for a time will act in the same manner, 
will absorb from the air moisture and gaseous substances, and from the 
rain and trom flowing waters organized matters of various kinds, any 
of which it will be in a condition to yield to the plants which grow 
around it, when they are such as are likely to contribute to their 
growth. 

3°. They have the property also of absorbing disagreeable odours in 
a very remarkable manner. Hence animal food keeps longer sweet 
when placed in contact with charcoal—hence also vegetable substances 
containing much water, such as potatoes, are more completely preserved 
by the aid of a quantity of charcoal—and hence the refuse chareoal of the 
sugar refiners is found to deprive night-soil of its disagreeable odour, and 
to convert itinto adry and portable manure. 4°. They exhibit also 
the still more singular property of extracting from water a portion of the 
saline substances they may happen to hold in solution, and thus allow- 
ing it to escape in a less impure form. The decayed (balf carbonized} 
roots of grass, which have been long subjected to irrigation, may act in 
one or all of these ways on the more or less impure water by which 
they are irrigated—and thus gradually arrest and collect the materials 
which are fitted to promote the growth of the coming crop. 


§3. Orygen—its properties and relations lo vegetable life. 


Oxygen is a substance with which we are acquainted only in the gas- 
eous or aeriform state.t By the unaided senses it cannot be distin- 
guished from common air, being void of colour, taste and smell. But 
if a lighted taper be plunged into it, the flame is wonderfully increased 
both in size and brillianey, and the taper burns away with great 
rapidity. 

The effect of this gas upon animal life is of a similar kind. When 
a living animal is introduced into a large vessel filled with oxygen, the 
rapidity of the circulation is increased, all the vital functions are stimu- 
lated and excited, a state of fever comes on, and after a time the ani- 
mal dies. 

By these two characters, oxygen is distinguished from every other ele- 
mentary body. It exists in the atmosphere to the amount of 21 percent. 
of its bulk, and in this state of air is necessary to the existence of ani- 
mals and of plants, and to the support of combustion on the face of the 
globe. It exists also largely in water, every nine pounds of this liquid 
containing eight pounds of oxygen. 


* Thus of ammonia they absorb 95 times their own bulk, of sulphuretted hydrogen 55 times, 
of oxygen 9 times, of hydrogen nearly twice their bulk, and of aqueous vapour so much as to 
increase their weight from 10 to 20 per cent. 


tT In this state itis readily obtained by heating in a glass retort the red oxide of mercury 
of the shops, or a white salt known by the name of chlorate of potash 
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But the quantity of this substance which is stored up in the solid rocks 
is still more remarkable. Nearly one-half of the weight of the solid 
rocks which compose the crust of our globe, of every solid substance we 
see around us—of the houses in which we live, and of the stones on 
which we tread—of the soils which you daily cultivate, and much more 
than one-half by weight of the bodies of all living animals and plants, 
consist of this elementary body oxygen, known to us, as I have already 
said, only in the state of a gas. Jt may not appear surprising that any 
one elementary substance should have been formed by the Creator in 
such abundance as to constitute nearly one-half by weight of the entire 
crust of our globe, but it must strike you as remarkable, that this should 
also be the element on the presence of which all animal life depends— 
and as nothing less than wonderful, that a substance which we know 
only in the state of thin air, should, by some wonderful mechanism, be 
bound up and imprisoned in such vast stores in the solid mountains of 
the globe, be destined to pervade and refresh all nature in the form of 
water, and to beautify and adorn the earth in the solid parts of animals 
and plants. But all nature is full of similar wonders, and every step 
you advance in the study of the principles of the art by which you live, 
you will not fail to mark the united skill and bounty of the same great 
Contriver. 

Oxygen gas is heavier than common air in the proportion of about 11 
to 10 [its specifie gravity by experiment is 1:1026, air being 1] ; it is 
also capable of being absorbed by water to a certain extent. One hun- 
dred measures of water dissolve 64 of this gas. [De Saussure. Ac- 
cording to Dr. Henry, 100 volumes of water absorb only 33 of oxygen.] 
Rain, spring, and river waters, always contain a portion of oxygen 
which they have derived from the atmosphere, and this oxygen, as they 
trickle through the soil, ministers to the growth and nourishment of plants 
in various ways. Some of these will be explained in a subsequent lecture. 

In an atmosphere of pure oxygen gas, plants refuse to vegetate, and 
speedily perish. 


§ 4. Hydrogen—its properties and relations to vegetable life. 


Hydrogen is also known to us only in the state of gas, and when per 
fectly pure agrees with oxygen and common air in being without colour, 
taste, or smell. It is not known to occur in nature in a free or simple 
state, nor does it exist so abundantly as either carbon or oxygen. It 
forms a small per centage of the weight of all animal and vegetable 
substances, and constitutes one-ninth of the weight of water, but with 
the exception of coal, it does not enter as a constituent into any of the large 
mineral masses that exist in the crust of the globe. 

When a lighted taper is plunged into this gas it is immediately ex- 
tinguished, but if in contact with the air the gas itself takes fire and burns 
with a pale yellow flame. If previously mixed with air or with oxygen 
gas, it kindles and burns with a loud explosion. During this combus- 
tion water is formed. [See the Second Lecture.] 

It does not support life, animals cease to breathe when introduced into 
it, and plants gradually wither and die. It is the lightest of all known 
substances, being about 144 times lighter than common air, so that if the 
stopper be removed from a bottle in which it is contained it almost imme- 
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diately escapes, [its specific gravity, by experiment, is 0-0687, air be- 
ing 1.] It is the element which is employed to give buoyancy te 
balloons ; and by this great levity and its relations to flame it is readily 
distinguished from all other known substances. 

Water absorbs it only in very small quantities, 100 gallons taking up 
no more than about 14 gallons of hydrogen gas. But, as already ob- 
served, this gas does not exist in nature in afree state—is not necessary, 
therefore, to the growth of plants or animals in this state—and hence its 
insolubility in water is in unison with the general adaptation of every 
property of every body, to the health and growth of the highest orders 
of Jiving beings. 

Hydrogen gas is readily obtained from water by putting into it a few 
pieces of metallic iron or zinc, and adding a little sulphunie acid (oil of 
vitriol). Bubbles of the gas are liberated from the surface of the metal, 
ascend through the water, and may ke collected on the surface. 


§ 5. Nitrogen—its properties and relations to vegetable life. 


Nitrogen is also known to us only in the form of gas. It exists in the 
atmosphere to the amount of 79 per cent. of its bulk. It is without 
colour, taste, or smell. Animals and plants die in this gas, and a taper 
is instantly extinguished when introduced into it; the gas itself under- 
going no change. It is lighter than atmospheric air, im the proportion 
of 974 to 100, [its density is 0-976, air being 1.] It is an essential 
constituent of the air we breathe, serving to temper the ardour with 
which combustion would proceed and animals live in uudiuted oxygen 
gas. It forms a part of very many animal and of some vegetable sub- 
stances, but it is not known to enter into the composition of any of the 
great mineral masses of which the earth’s crust is made up. In coal 
alone, which is of vegetable origin, it has been detected to the amount 
of one or two percent. It is therefore much less abundant in nature 
than any of the other so called organic elements—and it exhibits much 
less decided properties than any of them; yet we shall hereafter see 
that it performs certain most important functions in reference both to the 
growth of plants and to the nourishment of animals. 

One hundred volumes of water dissolve about 14 volumes of this 
gas.* Spring and rain waters absorb it as they do oxygen, from the at- 
mospheric air, and bear it in solution to the roots, by which it is not un- 
likely that it may be conveyed directly into the circulation of plants. 


Such are the several elementary bodies of which the organic or de- 
structible part of vegetable substances is formed. With one exception 
they are known to us only in the form of gases; and yet out of these 
gases much of the solid parts of animals and of plants are made up. 
When alone, at the ordinary temperature of the atmosphere they form 
invisible kinds of air; when united, they constitute those various forms 
of vegetable matter which it is the aim and end of the art of culture to 
raise with rapidity, with certainty, and in abundance. How difficult 
to understand the intricate processes by which nature works up these 


* Henry De Saussure says, that pure water absorbs 4 per cent. of its bulk of this gas. 


REWARDS OF STUDY. Q7 


taw materials into her many beautiful productions—yet how interest- 
ing it must be to know her ways, how useful even partially to find them 
out! 


Permit me, in conclusion, to submit to you one reflection. We have 
seen that oxygen, hydrogen, and nitrogen, are all gaseous substances, 
which when pure are destitute of colour, taste, and smell. They can- 
not be distinguished by the aid of our senses. Man in a state of nature 
—uneducated man—cannot discern that they are different. Yet so 
simple an instrument as a lighted taper at once shows them to be totally 
unlike each other. This simple instrument, therefore, serves us in- 
stead of a new sense, and makes us acquainted with properties the ex- 
istence ef which, without such aid, we should not even have suspected. 
Has the Deity then been unkind to man, or stinted in his benevolence 
in withholding the gift of such a sense? On the contrary, he has given 
us an understanding which when cultivated is better than twenty new 
senses. The chemist in his laboratory is better armed for the investi- 
gation of nature, than if his organs of sense had been many times mul- 
tplied. He has many instruments at his command, each of which, 
like the taper, tells him of properties which neither his senses nor any 
other of his instruments can discover; and the further his researches 
are carried, the more willing does nature seem to reveal her secrets to 
him, and the. more rapidly do his chemical senses increase. Do you 
think that the rewards of study and patient experimental research are 
confined to the laboratory of the chemist, and that the Deity will prove 
less kind to you, whose daily toil is in the great laboratory of nature ? 
As yet you see but faintly the reason of many of your commonest oper- 
ations, and over the results you have comparatively little control—but 
the light is ready to spring up, the means are withig your reach—you 
have only to employ your minds as diligently as you labour with your 
hands, and ultimate success is sure. 


Q* 
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Characteristic properties of organic substancesRelative proportions of organic elemenis=- 
Variable proportions of inorganic elements in plants—Form in which the organic ele 
ments are taken up by plants—The atmosphere, its constitution and relations to vegetable 
life—Nature and lawa of chemical combination~Water and its relations to vegetable life 


$1. Characteristic properties of organic substances. 


Or the fourelementary substances described in the former lecture, the 
organic part of all animal and vegetable substances consists. What is 
understood by the term organic has also been explained. 

But organic substances possess certain characters by which they are 
distinguished from the imorganic or dead matter of the globe, and on 
which their connection with the principle of life, and with the art of 
culture, entirely depends. These characteristic properties are chiefly 
the following : 

1°. They are all easily decomposed or destroyed by a moderately 
high temperature. If wood or straw be heated in the air, as over the 
flame of a candle, it becomes charred, burns, and is in a great measure 
dissipated. So sugar and stareh darken in colour when heated, black- 
en, and take fire. The same is true of all vegetable substances. But 
limestone, clay, and other earthy or stony matters, undergo no appar- 
ent change in such circumstances—they are not decompused. 

2°. When exposed to the air, especially if it be warm and moist, 
vegetable and animal substances putrify amd decay.* They decom- 
pose of their own accord, and after a time almost entirely disappear. 
Such is not the case with inorganic matters. If the rocks and stones 
crumble, their particles may be washed away by the rains to a lower 
level, but they never putrify or wholly disappear. 

3°. They consist almost entirely of two or more of the four organic 
elements only. The mineral substances we meet with on the earth’s 
surface, and collect for our cabinets, often contain portions of many ele- 
mentary bodies; but, with few exceptions, the organic part of all plants. 
that which lives and grows, contains only the four simple substances 
described in my former lecture. 

4°, They are distinguished also by this important character, that 
they cannot be formed by human art. Many of the inorganie com- 
pounds which occur in the mineral erust of the globe can be produced by 
the chemist in his laboratory, and were any corresponding benefit likely 
to be derived from the expenditure of time and labour, there is reason to 
believe that, with a few exceptions, nature might be imitated in the for- 
mation of any of her mineral productions. But in regard to organic sub- 
stances, whether animal or vegetable, the chemist is perfectly at fault. 
He can form neither woody fibre, nor sugar, nor starch, nor muscular 
fibre, nor any of those substances which constitute the chief bulk of ani- 
mals and plants, and which serve for the food of animated beings. 


* For an explanation of the exact nature and end of this putrefaction, see the subsequen' 
Lecture, “On the decay of animal and vegetable substances.” 
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This is an important and striking, and is, I believe, likely to remain a 
permanent distinction, between most substances of organic and of inor- 
ganic origin. 

Looking back at the vast strides which organic chemistry has made 
within the last twenty years, and is still continuing to make, and trust- 
ing to the continued progress of human discovery, some sanguine chem- 
ists venture to anticipate the time when the art of man shall not only 
acquire a dominion over that principle of life, by the agency of which 
plants now grow and alone produce food for man and beast, but shall be 
able also, in many cases, to imitate or dispense with the operations of that 
principle: and to predict that the time will come when man shall man- 
ufacture by art those necessaries and luxuries for which he is now wholly 
dependent on the vegetable kingdom. 

And, having conquered the winds and the waves by the agency 
of steam, is man really destined to gain a victory over the uncertain sea- 
sons too? Shall he come at last to tread the soil beneath his feet as a 
really useless thing—to disregard the genial shower, to despise the influ- 
ence of the balmy dew—to be indifferent alike to rain and drought, to 
cloud and to sunshine—to laugh at the thousand cares of the husband- 
man—to pity the useless toil and the sleepless anxieties of the ancient 
tillers of the soil? Is the order of nature, through all past time, to be re- 
versed—are the entire constitution of society, and the habits and pur- 
suits of the whole human race, to be completely altered by the pro- 
gress of scientific knowledge? 

By placing before man so many incitements to the pursuit of know- 
ledge, the will of the Deity is ,that out of this increase of wisdom he 
should extract the means of increased happiness and enjoyment also. 
But set man free from the necessity of tilling the earth by the sweat of 
his brow, and you take from him at the same time the calm and tran- 
quil pleasures of a country life—the innocent erjoyments of the return- 
ing seasons—the cheerful health and happiness that wait upon labour 
in the free air and beneath the bright sun of heaven. And for what?— 
only to imprison him in manufactories, to condemn him to the fretful 
and feverish life of crowded cities. 

To such ends, [ trust, science is not destined to lead; and he is not 
only unreasonably, but thoughtlessly sanguine, who would hope to de- 
rive from organic chemistry such power over dead matter as to be able 
to fashion it into food for living animals. With such consequences be- 
fore us it seems almost sinful to wish for it. 

Yet, that this branch of science will lead to great ameliorations in the 
art of culture, there is every reason tobelieve. It will explain old meth- 
ods—it will clear up anomalies, reconcile contradictory results by ex- 
plaining the principles from which they flow—and will suggest new meth- 
ods by which better, speedier, or more certain harvests may be reaped. 


§ 2. Relative proportions of organic elements. 

Though the substance of plants consists chiefly of the four organic ele- 
ments, yet these bodies enter into the constitution of vegetables in very 
different proportions. This fact has already been adverted to in a gen- 
eral manner: it will appear more distinctly by the following statement 
of the exact quantities of each element contained in 1000 parts by 
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weight of some of the more important kinds of vegetable substance you 
are in the habit of cultivating :-— 


Hay from 
young Clover Clover- After-math 
8 mos. old. Oats. Seed. Hay. Peas. Wheat. Hay. Potatoes. 


Carbon. . 507 507 494 471 465 455 4858 441 


Hydrogen . 66 G4 58 56 61 57 50 58 
Oxygen. 3989 367,350". 349" 401 431 SSRer: "439 
Nitrogen . 38 22 70 24 42 34 15 12 


Ash. . .« notstated 40 28 100 31 23 90 50 


ee 


1000* 1000+ 1000* 1000f 1000 1000* 1000} 10007 


The numbers in the above table represent the constitution of the 
plants and seeds, taken in the state in which they are given to cattle or 
are laid up for preservation, and then dried at 230° Fahrenheit. By 
this drying they lost severally as follows : 

1000 parts of Potatoes. . lost . . . 722 parts of water 
ditto Of Wihteat on so serr se hs OG ditto 
ditto Ot Hag 6.) ets gere , os bene ditto 
ditto of Aftermath Hay — . 136 to 140 ditto 


ditto of Oats .6 65% pone aed aati ditte 
ditto of Clover Seed . Reorgerneey'i 2 ditto 
ditto Of PGaSE os a cige) an te eae he ditto 

In crops as they are reaped, therefore, and even as they are given for 
food, much water is present. When aruficially dried, the carbon ap- 
proaches to_one-half of their weight—the oxygen to more than one- 
third§—the hydrogen to little more than 5 per cent.—and the nitrogen 
rarely to more than 2% per cent. These proportions are variable, but 
they represent very nearly the relative weights in which these elements 
enter into the constitution of those forms of vegetable matter which are 
raised in the greatest quantity for the support of animal life. 

But, besides the organic part, vegetable substances contain an inor- 
ganic portion, which remains behind in the form of ash when the plant is 
consumed by fire, or of dust when it decomposes and disappears in 
consequence of natural decay. | 

In the dried hay, oats, &c., of which the composition is represented 
in the above table, we see that the quantity of ash is very variable, in 
oats being as small as 4 per cent., while of hay every hundred pounds 
left 10 of ash. A similar difference is observed generally to prevail 
throughout the vegetable kingdom. Each variety of plant, when 
burned, leaves a weight of ash, more or less peculiar to itself. Herba- 
ceous plants generally leave more than the wood of trees—and differ- 
ent parts of the same plant yield unlike quantities of inorganic matter.|| 


* Boussingault Annales de Chim. et de Phys. (1838) rxvit. p. 20 to 38. 

T Ditto ditto (1839) txxr. p. 113 to 136, 

1 Ditto ditto (1838) Lxix. p. 356. 

§ This will appear no way inconsistent with the statement in the former Lecture, that 
oxygen constitutes one-half by weight of all /iving plants, when it is recollected that of the 


water driven off in drying these plants eight-ninths by weight consist of oxygen, and that 
600 Ibs. of grass, for example, yield only from 80 to 100 lbs. of hay. 


ll Thus of the-oak, the dried bark left 60 ofash—the dried leaves 53—the dried alburnur 
4—and the dried wood only 2 parts in a thousand of ash.—De Saussure. 
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These facts are of great importance in the theory and in the enlightened 
practice of agriculture. They will hereafter come under special and 
detailed consideration, when we shall have examined the nature of the 
soils in which plants grow, and shall be prepared to consider the chemi- 
cal nature, the source, and the functions, of the inorganic compounds 
which exist in living animal and vegetable substances. 


§ 3. Of the form or state of combination in which the organic elements 
enter into and minister to the growth of plants. 


From the details already presented in the preceding Lecture, in re- 
gard to the properties of carbon and nitrogen, and the circumstances 
under which they are met with in nature,—it will readily occur to you 
that neither of these elementary bodies is likely to enter directly, or in a 
simple state, into the circulation of plants. The former (carbon) being 
a solid substance, and insoluble in water, cannot obtain admission into 
the pores of the roots, the only parts of the plants with which, in nature, 
it can come in contact. The latter (hydrogen) does not occur either in 
the atmosphere or in the soil in any appreciable quantity, and hence, in 
its simple state, forms no part of the food of plants. Oxygen and nitro- 
gen, again, both exist in the atmosphere in the gaseous state, and the 
former is known to be inhaled, under certain conditions, by the leaves 
of plants. Nitrogen may also in like manner be absorbed by the leaves 
of living plants, but, if so, it is in a quantity so small as to have hitherto 
escaped detection. The two latter substances (oxygen and nitrogen) 
are also slightly soluble in water, and, besides being inhaled by the 
leaves, may occasionally be absorbed in minute quantity along with the 
water taken in by the roots. But by far the largest proportion of these 
two elementary bodies, and the whole of the carbon and hydrogen 
which find their way into the interior of plants, have previously entered 
into a state of mutual combination—forming what are called distinct 
chemical compounds. Before describing the nature and constitution of 
these compounds, it will be proper to explain, 1°. the constitution of the 
atmosphere in which plants live, and, 2°. the nature of chemical com- 
bination and the laws by which it is regulated. 


§ 4. On the constitution of the atmosphere. 


The air we breathe, and in which plants live, is composed _principal- 
ly of a mixture of oxygen and nitrogen gases, in the proportion very 
nearly of ?1 of the former to 79 of the latter. It contains, however, as 
a constituent necessary to the very existence of vegetable life, a small 
per centage of carbonic acid. On an average this carbonic acid 
amounts to about;,!,th part* of the bulk of the air. On the shores 
uf the sea, or of great lakes, this quantity diminishes; and it becomes 
sensibly less as we recede from the land. It is also less by day than 
by night (as 3-38 to 4-32), and over a moist than over adry soil. 

The air is alsoimbued with moisture. Watery vapour is every 
where diffused through it, but the quantity varies with the season of 
the year, with the climate, with the nature of the locality, with its alti- 


. * 0°04 percent. The mean of 104 experiments made by Saussure at Geneva at all times 
of the gomnne of the day gave 4:15 volumes in 10000. The maximum was 5°74, and the 
minimum 3115, 
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tude, and with its distance from the equator. In temperate climates, 
it oscillates on the same spot between 4 and 1} per cent. of the weight 
of the air; being least in mid-winter and greatest in the hot months of 
summer. ‘There are also mingled with the atmosphere, traces of the 
vast variety of substances which are capable of rising from the surface 
of the earth in the form of vapour; such, for example, as are given off 
vy decaying animal or vegetable matter—which are the produce of 
disease in either class of bodies—or which are evolved during the oper- 
ations of nature in the inorganic kingdom, or by the artificial processes 
of man. Among these accidental vapours are to be included those 
miasmata, which, in certain parts of the world, render whole districts 
unhealthy,—as well as certain compounds of ammonia, which are infer- 
red to exist in the atmosphere, because they can be detected in rain 
water, or in snow which has newly fallen. 

In this constitution of the atmosphere we can discover many beauti- 
ful adaptations to the wants and structure of animals and plants. The 
exciting effect of pure oxygen on the animal economy is diluted by the 
large admixture with nitrogen ;—the quantity of carbonic acid present 
is sufficient to supply food to the plant, while it is not so great as to 
prove injurious to the animal ;—and the watery vapour suffices to 
maintain the requisite moisture and flexibility of the parts of both or- 
ders of beings, without in general being in such a proportion as to prove 
hurtful to either. 

The air also, by its subtlety, diffuses itself everywhere. Into every 
pore of the soil it makes its way. When there, it yields its oxygen or 
its carbonic acid to the dead vegetable matter or to the living root. A 
shower of rain expels the half-corrupted air, to be succeeded by a purer 
portion as the water retires. The heat of the.sun warms the soil, and 
expands the imprisoned gases,—these partially escape, and are, as be- 
fore, replaced by other air when the rays of the sun are withdrawn. 

By the action of these and other causes a constant circulation is, to 
a certain extent, kept up,—between the atmosphere on the surface, 
which plays among the leaves and stems of plants, and the air which 
mingles with the soil and ministers to the roots. The precise effect and 
the importance of this provision will demand our consideration in a fu- 
ture lecture. 


§5. The nature and laws of chemical combination. 


The terms combine and combination in chemical language have a 
strict and precise application. Ifsand and saw-dust be rubbed togeth- 
er in a mortar they may be intimately intermingled, but by pouring wa- 
ter on the mass we can separate the particles of wood and leave the 
sand unchanged behind. So if we stir oatmeal and water together, we 
may cause them perfectly to mix together, but by the aid of a gentle 
heat we can expel the water and obtain dry oatmeal in its original 
condition. Or, by putting salt into water, it will dissolve and disappear, 
and form what is called a solution, but by boiling it down, as is done 
in our salt-pans, the water may be entirely removed and the salt 
procured of the weight originally en:ployed and possessed of its original 
properties. 

In none of these cases has any chemical action taken place, or any 
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permanent change been produced, upon any of the substances. The two 
former were merely mixtures. 

Inall cases of chemical action a permanent change takes place in some 
of the substances employed ; and this change is the result either of a chem- 
ical combination, or of a chemical desomposition. ; 

Thus when sulphur is burned in the air, it is converted into white va- 
pours possessed of a powerful and very unpleasant odour, and which 
continue to be given off until the whole of the sulphur is dissipated. 

Here a solid substance is permanently changed into noxious vapours 
which disappear in the air, and this change is caused by the combination 
of the sulphur with the oxygen of the atmosphere. 

In like manner when limestone is put into a kiln and strongly heated 
or burned, it is changed or converted into quicklime—a substance very 
different in its properties from the natural limestone employed. But 
-uis is a case of chemical decomposition. The limestone consists of 
lime and carbonic acid. By the heat these are separated, the latter is 
driven off and the former remains in the kiln. 

Again, when a jet of hydrogen gas is kindled in the air or in oxygen 
gas, it burns with a pale yellow flame. If a cold vessel be held over 
this flame, it speedily becomes bedewed with moisture, and drops of wa- 
ter collect upon it. How remarkable the change which hydrogen un- 
dergoes during this combustion! It unites with the oxygen of the 
atmosphere and forms water. How different in its properties is this 
water from either the oxygen or the hydrogen by the union of which it is 
formed! The former a liquid, the latter gases; the former an enemy 
to all combustion, while of the latter, the one (hydrogen) burns readily, 
the other (oxygen) is the very life and support of combustion in all oth- 
er bodies. 

1°. It appears, therefore, that chemical combination or decomposition 
is always attended by a permanent change. 

2°. That when combination takes place, a new substance is formed 
differing in its properties from any of those from which it was produced, 
or of which it consists. 

When two or more elementary bodies thus unite together to form a 
new substance, this new substance is called a chemical compound. 
Thus water is a compound (not a mixture) of the twa elementary bodies 
oxygen and hydrogen. 

ow when such combination takes place, it is found to do so always’ 
in accordance with certain fixed laws. Thus: 

I. Bodies unite together only in constant and definite proportions. We 
can mir together oxygen and hydrogen gases, for example, in any pro- 
portion, a gallon of the one with any number of gallons of the other, but 
if we burn two gallons of hydrogen gas in any greater number of gallons 
of oxygen, they will only consume or unite with one gallon of the oxy- 
gen, the rest of this gas remaining unchanged. A quantity of water will 
be formed by this union, in which the whole of the hydrogen will be 
contained, combined with all the oxygen that has disappeared. Under 
no circumstances can we burn hydrogen so as to cause it to consume 
more oxygen, or from a given weight of hydrogen to produce more than 
a known weight of water. And as oxygen is nearly sixteen times 
heavier than nitrogen, it is obvious that one gallon of the former is about 
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eight times heavier than two gallons of the latter, so that by weight these 
two gases, when thus burned, unite together nearly in the proportion 
of 1 to 8,—one pound of hydrogen forming nine pounds of water. 

Again, when pure carbon is burned in the air, it unites with a fixed 
and constant weight of oxygen to form carbonic acid; it never unites 
with more, and it does not form carbonic acid when it unites with less. 

Now this law of fixed and definite proportions is found to hold in re- 
gard to all bodies, and in all cases of chemical combination. Thus we 
have seen that— 

By weight, By weight. 
1 of hydrogen combines with 8 of oxygen to form water. 

So6 of carboncombine. . . 8 . . . «. ~~ carbonic oxide, 
and 14 of nitrogen . . . «. » 8 « « « « «© Ditrous oxide. 

Hence 1 of hydrogen, 6 of carbon, and 14 of nitrogen unite respec- 
tively with the weight (8) of oxygen. These several numbers, there- 
fore, are said to be equivalent to each other (they are equivalent numbers). 
Or they represent the fixed and definite proportions in which these seve- 
ral substances combine together (they are definite proportionals). Some 
chemists consider these numbers to represent the relative weights of the 
atoms or smallest particles of which the several substances are made up, 
and hence not unfrequently speak of them as the atomic weights of these 
substances, or more shortly their «toms. ; 

For the sake of brevity, it is often useful to represent the simple or 
elementary bodies shortly by the initial letter of their names. Thus 
hydrogen is represented by H, carbon by C, and nitrogen by N, and 
these letters are used to denote not only the substances themselves, but 
that quantity which is recognised as its equivalent, proportional, or 


atomic weight. Thus: 
Equivalent 
Symbol. or atomic Name. 
weights. 


H denotes 1 by weight, of hydrogen. 
CL EEO ees ve! weet! ROO: 
Oe ee NB Re Eyre, Le RONn ser 
1 aie! ae alegre ieee fi) Le 


Chemical combination is expressed shortly by placing these letters in 
juxta-position, or sometimes in brackets, with the sign plus (+-) between 
them. Thus HO or (H + Q) denotes the combination of one atom or 
equivalent of hydrogen with one of oxygen, that is, water; and at the 
same time a weight of water (9), equal to the sum of the atomic weights 
(1 + 8) of hydrogen and nitrogen. 

A number prefixed or appended to a symbol, denotes that so many 
equivalents of the substance represented by the symbol are meant, as 
that number expresses. Thus 2 HO, 3H O, or 3(H + O), mean two 
or three equivalents of water, 3 H, or H, three equivalents of hydrogen, 
and 4C or Cy, 2N or Ng, four of carbon and two of nitrogen respec- 
tively. ; 

II. Not only are the quantities of the substances which unite together 
definite and constant, but the properties or qualities of the substances 
formed are in general equally so. The properties of pure water or of 


* More correctly 1, 6°13, 8013, and 14°19. 
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carbonic acid are constant and invariable under whatever circumstances 
they may be formed, and the elements of which they consist, when they 
combine together in the same proportions, are never known to form any 
other compounds but water and carbonic acid. 

This law, however, though generally, is not universally true. Many 
substances are known which contain the same elements united together 
in the same proportions, and which, nevertheless, possess very different 
properties. Oil of turpentine and oil of lemons are in this condition. 
‘They both consist of the same elements, carbon and hydrogen, united 
together in the same proportions, and yet their sensible properties as well 
as their chemical relations* are very dissimilar. 

Cane sugar, starch, and gum, all of them abundant products of the 
vegetable kingdom, consist also of the same elements, carbon, hydro- 

' gen, and oxygen, united together in the same proportions, and may even 
be represented by the same formula (C,2 Hy) O,o),f and yet these 
substances are as unlike to each other in their properties, as many 
bodies are of which the chemical composition is very different. To 
compounds thus differing in their properties, and yet containing the 

' same elements, in the same proportions, chemists have given the name 
of Isomeric bodies. I shall have occasion to make you more familiar 
with some of them hereafier. 

3°. Another important law by which chemical combinations are 
regulated, is knowr by tle name of the law of multiple proportions. 
Some substances are observed to be capable of uniting together in more 
than one proportion. Thus carbon unites with oxygen in several pro- 
portions, forming carbonic oxide, carbonic acid, oxalic acid, &c. Now 
when such is the case, it is found that the quantity (the weight) of each 
substance which enters into the several compounds, if not actually re- 
presented by the equivalent number or atomic weight, is represented by 
some simple multiple of that number. Thus two equivalents of carbun 
unite with 2, 3, or 4 equivalents of oxygen, to form carbonic oxide, 
oxalic acid, and carbonic acid respectively,—while one of nitrogen unites 
with 1, 2, 3, 4, or 5 of oxygen to form a series of compounds, of which 
the last (N O,), nitric acid, is the only one I shall have frequent occa- 
sion to speak of in the present lectures. 

This law of multiple proportions, though of great importance in 
chemical theory, I do not further illustrate, as we shall have very little 
occasion to refer to it in the discussion of the several topics which will 
hereafter come before us, 


Having thus briefly explained the nature and laws of chemical com- 
bination, [ proceed to make you acquainted with those chemical com- 
pounds of the organic elements which are known or are supposed to 
minister to the growth of plants. 

The number of compounds which the four organic elements form 
with each other is almost endless; but of this number a very few only 


* By the chemical relations of a substance are meant the effects which are produced 
upon it by contact with other chemical substances. 

t This formula means that starch, gum, and sugar, consist of 12 equivalents of carbon 
united to 10 of hydrogen and 10 of oxygen. 
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are known to minister directly to the growth or nourishment of plants. 
Of these, water, carbonic acid, ammonia, and nitric acid, are the most 
important; but it will be necessary shortly to advert to a few others, of 
the occurrence or production or action of which we may hereafter have 
oceasion to speak. 


§ 6. Of water and its relations to vegetable life. 


Water is a compound of oxygen and hydrogen in the proportion, as 
already stated, of 8 of the former to 1 of the latter by weight, or of 1 
volume of oxygen to 2 of hydrogen. 

It is more universally diffused throughout nature than any other 
chemical compound with which we are acquainted, performs most im- 
portant functions in reference to animal and vegetable life, and is en- 
dowed with properties by which it is wouderfully adapted to the exist- 
ing condition of things. 

We are familiar with this substance in three several states of cohe- 
sion,—in the solid form as ice, in the fluid as water, and in the gaseous 
as steam. At 32° F. and at lower temperatures, it continues solid, at 
higher temperatures it melts and forms a liquid (water), which a 
212° F. begins to boil and is converted into steam. By this change its 
bulk is increased 1700 times, and it becomes nearly two-fifihs lighter 
than common air, [common air being 1, steam is 0°62.] It therefore 
readily rises into and diffuses itself through the atmosphere. 

I. ‘lhere are only one or two circumstances in which water in tne solid 
form materially affects or interferes with the labours of the agriculturist. 

1°. During the frost of a severe winter, the soil contracts and appears 
to shrink in. But the water contained in its pores freezes and expands, 
and the minute crystals of ice thus formed separate the particles of the 
soil from each other. ‘This expansion of the water in dry soils may not 
be equal to the natural contraction of the soil itself, yet still itis suffi- 
cient to cause a considerable separation of the earthy particles through- 
out the whole frozen mass. Whena milder temperature returns, and a 
thaw commences, the soil expands and gradually returns to its former 
bulk; but the outer layers thaw first, and the particles being previously 
separated by the crystals of ice, and now loosened by the thaw, fall off 
or crumble down, and thus the soil becomes exposed to the mellowing 
action of the atmosphere, which is enabled everywhere to pervade it. 
On heavy clay land this effect of the winter’s frost not unfrequently 
proves very beneficial.* 

2°. In the form of snow it has been often supposed to be beneficial to 
winter wheat and other crops. That a heavy fall of snow will shelter 
and protect the soil and crop from the destructive effects of any severe 
cold which may follow, there can be no doubt. It forms a light porous 
covering, by which the escape of heat from the soil is almost entirely 
prevented. Itdefends the young shoots also from those alternations of 
temperature to which the periodical return of the sun’s rays continually 


* This alternate contraction and expansion is often injurious to the practical farmer in 
throwing out his winter wheat. Some varieties are said to be more thrown out than others, 
and this peculiarity is sometimes ascribed to the longer and stronger roots which shoot from 
one variety than from another ; it may, however, be occasionally owing to the different na- 
ture of the soils in which the trials have been made, or when, in the same soil, to the differ- 
ent states of dryness at different times. 
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exposes them ;* and when a thaw arrives, by slowly melting, it allows 
the tender herbage gradually to accustom itself to the milder atmosphere. 

In this manner there is no doubt that a fall of snow may often be of 
great service to the practical farmer. But some believe that winter 
wheat actually thrives under snow. On this point I cannot speak from 
personal knowledge, but I wiil here mention two facts concerning snow, 
which may possibly be connected with its supposed nourishing quality. 

In the first place, snow generally contains a certain quantity of ammo- 
nia, or of animal matter which gives off ammonia during its decay. 
This quantity is variable, and is occasionally so small as to be very dif- 
ficult of detection. Liebig found it in the snow of the neighbourhood ot 
Giessen, and I have this winter detected traces of it in the snow which 
fell in Durham} during two separate storms. ‘This ammonia is present 
in greater quantity in the first portions that fall and lie nearest the plant. 
Hence if the plant can grow beneath the snow, thisammonia may affect 
its growth ; or when the first thaw comes it may descend to the root, and 
may there be imbibed. Rain water also contains ammonia, but when 
rain falls in large quantity it runs off the land, and may do less good than 
the snow, which lies and melts gradually. [For the properties of am- 
monia, see Lecture III.] ; 

Another singular property of snow is the power it possesses of ab- 
sorbing oxygen and nitrogen from the atmosphere, in proportions very 
different from those in which they exist in the air. The atmosphere, as 
already stated, contains 21 per cent. of oxygen by volume (or bulk), but 
the air which is present in the pores of snow has been found by various 
observers to contain a much smaller quantity. Boussingault [Annalen 
der Physick (Poggendorf), xxxiv., p. 211,] obtained from air disengaged 
by melting snow 17 per cent. of oxygen only, and De Saussure found 
still less. The difficulty uf respiration experienced on very bigh moun- 
tains has been attributed to the nature of the air liberated from snow 
when melted by the sun’s rays. Whether the air retained among the 
pores of the snow; which in severe winters covers our corn-fields, be 
equally deficient in oxygen with that examined by Boussingault, and 
whether, if it be, the abundance of nitrogen can at all affect vegetation, 
are matters that still remain undetermined. 

II. In the fluid state, that of water, the agency of this compound in 
reference to vegetable life, though occasionally obscure, is yet every- 
where discernible. 


Pure water is a colourless transparent fluid, destitute of either taste or 


* The effects of such alternations are seen on the occurrence of a night’s frost in spring. 
If the sun’s rays fall in the early morning, on a frozen shoot, it droops, withers, and black- 
ens—it is destroyed by the frost. If the plant be in a shaded spot, where the sun does not 
reach it till after the whole atmosphere has been gradually heated, and the frozen tissue 
slowly thawed, its leaves sustain little injury, and the warmth of the sun’s rays, instead of 
injuring, cherish and invigorate it. This effect of sudden alternations of temperature on or- 
ganic matter explains many phenomena, to which it would here be out of place to advert. 

A thick light covering of porous earth not beaten down preserves the potatoe pit from the 
effects of the frost better than a solid compact coating of clay, in the same way as snow 
protects the herbage better than a sheet 8 Fre and it is because of the porosity of the 
covering, that ice may be preserved more effectually, and for a longer period, in a similar 
pit, than in many well-constructed ice-houses. , 


t By adding two drops of sulphuric acid to four pints of snow water, evaporating to dry- 
ness, and mixing the dry mass with quicklime or caustic potash. The residual mass con- 
tained a brown organic matter, mixed with the sulphate of ammonia. 
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smell. It enters largely into the constitution of all living animals and 
plants, and forms upwards of one half of the weight of all the newly 
gathered vegetable substances we are in the habit of cultivating or col- 
lecting for the use of man. [See page 30.] 

Not only does it enter thus largely into the constitution of all ani- 
mals and plants, but in the existing economy of nature its presence in 
large quantities is absolutely necessary to the persistence of animal and 
vegetable life. In the midst of abundant springs and showers, plants 
shoot forth with an amazing rapidity, while they wither, droop, and die, 
when water is withheld. How much the manifestation of life is de- 
pendent upon its presence, is beautifully illustrated by some of the hum- 
bler tribes of plants. Certain mosses can be kept long inthe herbarium, 
and yet will revive again when the dried specimens are immersed in 
water. At Manilla a species of Lycopodium grows upon the rocks, 
which, though kept for years in a dried state, revives and expands its 
foliage when placed in water [the Spaniards call it Triste de Corazon, 
Serrow of the Heart.—Burnet’s Wanderings, p. 72.] ‘Thus life lingers 
as it were, unwilling to depart and rejoicing te display itself again, when 
the moisture returns.* ; 

There are, however, three special properties of water, which are in 
a high degree interesting and important to the practical agriculturist, 
and to which I beg to direct your particularattention. These are: 

1°. Its solvent power; 

2°. Its affinity for certain solid substances ; and, 

3°. The degree of affinity by which its own elements are held to- 
gether. 

1°. When pure boiled water is exposed to the air, it gradually ab- 
sorbs a quantity of the several gases of which the atmosphere is com- 
posed, and acquires more or less of asparkling appearance and an agree- 
able taste. The air which it thus absorbs amounts to about j;th of its 
own bulk, and is entirely expelled by boiling. When thus expelled, 
this air, like that obtained from snow, is found on examination to contain 
the oxygen, nitrogen, and carbonic acid in proportions very different from 
those in which they exist in the atmosphere. In the latter, oxygen is 
present to the amount of only 21 per cent. by volume, while the air ab- 
sorbed by water contains 30 to 32 per cent. of the same gas. In like 
manner, the mean quantity of carbonic acid in the air does not exceed 
yrioath parts (0-05 per cent.) of its bulk, while that expelled from water, 
which has been long exposed to the air, varies from 11 to 60 ten thou- 
sand parts (0°11 to 0-6} per cent.) 


* In some species of animals, life is in like manner suspended by the absence of water. 
The inhabitants of some land and even marine shells may be dried and preserved for a long 
time in a state of torpor, and afterwards revived by immersion in water. The Certthium 
Armatum has been brought from the Mauritius in a dry state, while snails are said tu have 
been revived after being dried for 15 years. The vibrio tritici (a species of worm), was re- 
stored by Mr. Bauer, after an apparent death of nearly six years, by merely soaking it in 
water. The Furcularia Anastobea,a small microscopic animal, may be made to undergo 
apparent death and resuscitation many times, by alternate drying and moistening. Accord- 
ing to Spallanzani, animaleuli have been recovered by moisture, after a torpor of 27 years. 
These facts tend to lessen our surprise at the alleged longevity of the seeds of plants. 


+ Of these gases when unmixed, water absorbs very different quantities. Thus 100 vo- 
lumes of water at 60° F., absorb 3°55 of oxygen, 153 of hydrogen, 1-47 of nitrogen, (Henry,) 
106 of carbonic acid, or 7800 of ammonia. . 
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Thus when water falls in rain or trickles along the surface of the 
land, it absorbs these gaseous substances, carries them with it wherever 
it goes, conveys them to the roots, and into the circulation of plants, and 
thus, as we shall hereafter see, makes them all minister to the growth 
and nourishment of living vegetables. 

Again, water possesses the power of dissolving many solid substances. 
If sugar or salt be mixed with water in certain quantities, they 
speedily disappear. In like manner, many other bodies, both simple 
and compound, are taken up. by this liquid in greater or less quan- 
tity, and can only be recovered by driving off the water, through the aid 
of heat. 

Thus it happens that the water of our springs and rivers is never 
pure, but holds in solution more or less of certain solid substanees. 
Even rain water, washing and purifying the atmosphere as it descends, 
brings down portions of solid matter which had previously risen into the 
air in the form of vapour, and as it afterwards flows along or sinks into 
the surface of the soil, it meets with and dissolves other solid substances, 
the greater portion of which it carries with it wherever it enters. In 
this way solid substances are conveyed to the roots of plants in a fluid 
form, which enables them to ascend with the sap; and the supply of 
these naturally solid substances is constantly renewed, by the succes- 
sive passage of new portions of flowing water. We shall hereafter be 
able to see more clearly and to appreciate more justly this beautiful ar- 
rangement of nature, as well as to understand how indispensable it is to 
the continued fertility of the soil. 

Nor is it merely earthy and saline substances which the water dis- 
solves, as it thus percolates through the soil. It takes up also sub- 
stances of organic origin, especially portions of decayed animat and ve- 
getable matter,—such as are supposed to be capable of ministering to 
the growth of plants,—and brings them within reach of the roots. 

This solvent power of water over solid substances is increased by an 
elevation of temperature. Warm water, fer example, will dissolve 
Epsom salts or oxalic acid in much larger quantity than cold water 
will, and the same is true of nearly all solid substances which this fluid 
is capable of holding in solution. ‘To this increased solvent power of 
the water they absorb, is ascribed, among other causes, the peculiar 
character of the vegetable productions, as well as their extraordinary 
luxuriance, in many tropical countries. ; 

2°. But the affinity which water exhibits for many solid substances is 
little less important and remarkable. 

When newly burned lime is thrown into a limited quantity of water 
the latter is absorbed, while the lime heats, cracks, swells, and finally 
falls to a white powder. When thus perfectly slaked, it is found to be 
one-third heavier than before—every three tons having absorbed one 
ton of water. This water is retained in a solid form, more solid than 
water is when in the state of ice, and it cannot be entirely separated 
from the lime without the application of a red heat. When you lay 
upon your land, therefore, four tons of slaked lime, you mix with your 
soil one ton of water, which the lime afterwards gradually gives up, 
either in whole or in part, as it combines with other substances. ‘'T'o 
this fact we shall return when we hereafter consider the various ways 
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in which lime acts, when it is employed by the farmer for the purpose 
of improving his land. [See the subsequent lecture, ‘* On the action of 
lime when employed as a manure.” | 

For clay also, water has a considerable affinity, though by no means 
equal to that which it displays tor quicklime. Hence, even in well- 
drained clay lands, the hottest summer does not entirely rob the clay of 
its water. It cracks, contracts, and becomes hard, yet still retains 
water enough to keep its wheat crops green and flourishing, when the 
herbage on lighter soils is drooping or burned up. 

A similar affinity for water is one source of the advantages which are 
known to follow from the admixture of a certain amount of vegetable 
matter with the soil; though, as in the case of charcoal, its porosity* 
is probably more influential in retaining moisture near the roots of 
the plants.t 

3°. The degree of affinity by which the elements of water are held 
together, exercises a material influence on the growth and production 
of all vegetable substances. 

If I burn a jet of hydrogen gas in the air, water 1s formed by the 
union of the hydrogen with the oxygen of the atmosphere, for which it 
manifests on many occasions an apparently powerful affinity. But if 
into a vessel of water I put a piece of iron or zinc and then add sulphuric 
acid, the water is decomposed and the hydrogen set free, while the 
metal combines with the oxygen. 

So in the interior of plants and animals, water undergoes continual 
decomposition and recomposition. In its fluid state, it finds its way 
and exists in every vessel and in every tissue. And so slight, it would 
appear, in such situations, is the hold which its elements have upon 
each other—or so strong their tendency to combine with other substan- 
ces, that they are ready to separate from each other at every impulse— 
yielding now oxygen to one, and now hydrogen to another, as the pre- 
duction of the several compounds which each organ is destined to elab- 
orate respectively demands. Yet with the same readiness do they 
again re-attach themselves and cling together, when new metamorphoses 
require it. It is in the form of water, indeed, that nature introduces 
the greater portion of the oxygen and hydrogen which perform so im- 
portant a part in the numerous and diversified changes which take placa 
in the interior of plants and animals. Few things are really more won- 
derful in chemical physiology, than the vast variety of transmutations 
which are continually going on, through the agency of the elements of 
water. 

III. In the state of vapour water ministers most materially to the 
life and growth of plants. It not only rises into the air at 212° Fahr. 
when it begins to boil, but it disappears or evaporates from open vessels 
at almost every temperature, with a rapidity proportioned to the previ- 
ous dryness of the air, and to the velocity and temperature of the at- 
mospheric currents which pass over it. Even ice and snow are grad- 


* Affinity for water causes vegetable matter to combine chemically with it, porosity causea 
it merely to drink in the water mechanically, and to retain it, wechanged, in its pores, 


+ For an exposition of the intimate relation of water to the chemical constitution of the 
solid parts of living vegetables, see a subsequent Lecture, On the nature and production 
of the substances of which plants chiefly consist.” 
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ually dissipated in the coldest weather, and sometimes with a degree 
af velocity which at first sight seems truly surprising.* 

It thus happens that the atmosphere is constantly impregnated with 
watery vapour, which in this gaseous state accompanies the air where- 
ever it penetrates, permeates the soil, pervades the leaves and pores of 
plants, and gains admission tothe lungs and general vascular system of 
animals. We cannot appreciate the influence which, in this highly 
comminuted form, water exercises over the general economy of organic 
nature. 

But it is chiefly when it assumes the form of rain and dew, and re- 
descends to the earth, that the benefits arising from a previous conversion 
of the water into vapour become distinctly appreciable. The quantity 
of vapour which the air is capable of holding in suspension is depend- 
ent upon its temperature. At high temperatures, in warm climates, or 
in warm weather, it can sustain more—at low temperatures less. 
Hence when a current of comparatively warm air loaded with moisture 
ascends to or comes in contact with a cold mountain top, itis cooled 
down, is rendered incapable of holding the whole of the vapour in sus- 
pension, and therefore leaves behind in the form of a mist or cloud, a 
portion of its watery burden. In rills subsequently, or springs, the 
aqueous particles which float in the midst, re-appear on the plains be- 
neath, bringing nourishment} at once, and agreateful relief to the thirsty 
soil. 

So when two currents of air charged with moisture, but of unequal 
temperature, meet in the atmosphere, they mix, and the mixture has 
the mean temperature of the two currents. But air of this mean tem- 
perature is incapable of holding in suspension the mean quantity of wa- 
tery vapour; hence, as before, a cloud is formed, and the excess of 
moisture falls to the earth in the form of rain. In descending to refresh 
the earth, this rain discharges in its progress another office. It washes 
the air asit passes through it, dissolving and carrying those accidental 
vapours which, though unwholesome to man, are yet fitted to minister 
to the growth of plants. 

The dew, celebrated through all times and in every tongue for its sweet 
influence, presents the most beautiful and striking illustration of the agen- 
cy of water in the economy of nature. and exhibits one of those wise and 
bountiful adaptations, by which the whole system of things, animate and 
inanimate, is fitted and bound together. 

All bodies on the surface of the earth radiate, or throw out rays 
of heat, in straight lines—every warmer body to every colder; and the 
entire surface is itself continually sending rays upwards through the 
clear air into free space. Thus on the earth’s surface all bodies strive, 
as it were, after an equal temperature (an equilibrium of heat), while 

* Mr. Howard states that a circular patch of snow 5 inches in diameter lost in the month 
of January 150 grains of vapour between sunset and sunrise, and 56 grains more before the 
close of the day, when exposed to a smart breeze ona house-ltop. From an acre of snow 
this would be equal to 1000 gallons of water during the night only.—Prouwt’s Bridgewater 
Treatise, p. 302; Encycloped. Metropol,, art. Meteorolozy. 

In Von Wrangell’s account of his visit to Siberia and the Polar sea, translated by Major 


Sabine (p. 390), it is stated that. in the intense cold, not only living bodies—-but the very 
snow—smokes and fills the air with vapour. 


t For the nature of this nourishment see the subsequent Lectures, “ On the inorganic con 
stituents of plants.” 
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the surface as a whole tends gradually towards a cooler state. But 
while the sun shines this cooling will not take place, for the earth then 
receives in general more heat than it gives off, and if the clear sky be 
shut out by a canopy of clouds, these will arrest and again throw back 
a portion of the heat, and prevent it from being so speedily dissipated. 
At night, then, when the sun is absent, the earth will cool the most; on 
clear nights also more than when it is cloudy, and when clouds only 
partially obscure the sky, those parts will become coolest which look to- 
wards the clearest portions of the heavens. 

Now when the surface cools, the air in contact sine it must cool also ; 
and like the warm currents on the mountain side, must forsake a portion 

~of the watery vapour it has hitheito retained. This water, like the float- 
ing mist on the hills, descends in particles almost infinitely minute. 
These particles collect on every leaflet, and suspend themselves from 
every blade of grass, in drops of “ pearly dew.” 

And mark here a beautiful adaptation. Different substances are en- 
dowed with the property of radiating their heat, and of thus becoming 
cool with different degrees of rapidity, and those substances which in 
the air become cool first, also attract first and most abundantly the par- 
ticles of falling dew. Thus in the cool of a summer’s evening the grass 
plot is wet, while the gravel walk is dry; and the thirsty pasture and ev- 
ery green leaf are drinking in the descending moisture, while the naked 
land and the barren highway are still unconscious of its fall. 

How beautiful is the contrivance by which water is thus evaporated or 
distilled as it were into the atmosphere—largely perhaps from some par- 
ticular spots,—then diffused equably through the wide and restless air,— 
and afterwards precipitated again in refreshing showers or in long-mys- 
rerious dews!* But how much more beautiful the contrivance, 1 might 
almost say the instinctive tendency, by which the dew selects the objects 
on which it delights to fall; descending first on every living plant, copi- 
ously ministering to the wants of each, and expending i its superfluity 
only ou the unproductive waste. 

And equally kind and bountiful,* yet provident, is nature in all her 
operations, and through all her works. Neither skill nor materials are 
ever wasted; and yet she ungrudgingly dispenses her favours, apparent- 
ly without measure,—and has subjected dead matter to laws which 
compel it to minister, and yet with a most ready willingness, to the 
wants and comforts of every living thing. 

And how unceasingly does she press this her example not only of un- 
bounded goodness, but of universal charity—above all other men—on 
the attention of the tiller of the soil. Does the corn spring more 
freshly when scattered by a Protestant hand—are the harvests more 
abundant on a Catholic soil,—and does not the sun shine alike, and the 
cew descend, on the domains of each political party ? 


* The beauty of this arrangement appears more striking when we consider that the whole 
ofthe watery vapour in the air, ifit fell at once in the form of rain, would not amount to 
more than 5 inches in depth on the whole surface ofthe globe. In England the fall of rain 
varies from 22 inches (London, York, and Edinburgh) to 68 (Keswick), while in some few parts 
of the world (St. Domingo) it amounts to as much as 150 inches. The mean fall of rain 
over the whole earth js estimated at 32 or 33 inches ; but if we suppose if to be only 10 or 15 
inches. the water which thus falls will require to be two or three times re-distilled in the course 
of every year. This is exclusive of dew, which in many countries amounts to a very 
large quantity.—See Prout’s Bridgewater T'reatise, p. 309. 
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So science, from her daily converse with nature, fails not sooner or 
later to take her hue and colour from the perception of this universal 
love and bounty. Party and sectarian differences dwindle away and 
disappear from the eyes of him who is daily occupied in the contenipla- 
tion of the boundless munificence of the great Impartial; he sees him- 
self standing in one common relation to all his fellow-men, and feels 
himself to be most completely performing his part in life, when he is 
able in any way or in any measure to contribute to the general welfare 
of all. 

It is in this sense too that science, humbly tracing the footsteps of the 
Deity in all his works, and from them deducing his intelligence and his 
universal goodness—it is in this sense, that science is of no sect, and of 
uo party, butis equally the province, and the property, and the friend ofall. 


§7. Of the cold produced by the evaporation of water, and its 
influence on vegetation. 

Beauuful, however, and beneficent as are the provisions by which, in 
bature, watery vapour is made to serve so many useful purposes, there 
are circumstances in which, and ofien through the neglect of man, the 
presence of water becomes injurious to vegetation. 

The ascent of water, in the form of vapour, permits the soil to dry, 
and fits it for the labours of the husbandman; while its descent in dew 
refreshes the plant, exhausted by the heat and excitement of a long 
summer's day. But the same tendency to ascend in vapour, gives rise 
to the cold unproductive character of lands in which water is present in 
great excess. ‘This character you are familiar with in what are called 
cold clay soils. 

The epithet cold, applied to such soils, though derived probably from 
no theoretical views, yet expresses very truly their actual condition. 
The surface of the fields in localities where such lands exist, is in reality 
less warn), throughout the year, than that of fields of a different quality, 
even in their immediate neighbourhood. This is readily proved, by 
placing the balb of a thermometer immediately beneath the soil in two 
such fields, when in the hottest day a marked difference of temperature 
will, in general, be perceptible. ‘The difference is dependent upon the 
following principle :— 

When an open pan of water is placed upon the fire, it continues to 

. . : . 
acquire heat till 1t reaches the temperature of 212° F. It then begins to 
boil, but ceases to become hotter. Steam, however, passes off, and the 
water diminishes in quantity. But while the vessel remains upon the 
fire the water continues to receive heat from the burning fuel as it did 
before it began to boil. But since, as already stated, it becomes no hot- 
ter, the heat received from the fire must be carried off by the steam. 

Now this is universally true. Whenever water is converted into 
steam, the ascending vapour carries off much heat along with it. 

This heat is not missed, or its loss perceived, when the vapour or 
steam is formed over a fire; but let water evaporate in the open air 
from a stone, a leaf, ora field, and it must take heat with it from these 
objects—and the surface of the stone, the leaf, or the field, must become 
colder. That stone or leaf also must become coldest from which the 
largest quantity of vapour rises, 
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Now, let two adjoining fields be wet or moist in different degrees, that 
which is wettest will almost at all times give off the largest quantity of 
vapour, and will therefore be the coldest. Let spring arrive, and the 
genial sun will gently warm the earth on the surface of the one, while 
the water in the other will swallow up the heating rays, and cause them 
te re-ascend in the watery vapour. Let summer come, and while the 
soil of the one field rises at mid-day to perhaps 100° EF. or upwards, that 
of the other may, in ordinary seasons, rarely reach 80° or 90°—in wet 
seasons may not even attain to this temperature, and only in long 
droughts will derive the full benefit of the solar rays. I shall hereafter 
more particularly advert to the important influence which a high tempe- 
rature in the soil exercises over the growth of plants, the functions of 
their several parts, and their power of ripening seeds—as well as to 
certain beautiful adaptations by which nature, when left to herself, is 
continually imparting to the soil, especially in northern latitudes, those 
qualities which fit it for deriving the greatest possible benefit from the 
presence of the sun’s rays. In the mean time you are willing to con- 
cede that warmth in the soil is favourable to the success of your agricul- 
tural pursuits. What, then, is the cause of the coldness and poverty, 
the fickleness and uncertainty of produce, in land of the kind now al- 
ludedto? It is the presence of too much water. What is the remedy ? 
A removal of the excess of water. And how? By effectual drainage. 

There are other benefits to the land, which follow from this removal 
of the excess of water by draining, of which it would here be out of 
place to treat; but a knowledge of the above principle shows you that 
the first effect upon the soil is the same as if you were to place it ina 
warmer climate, and under a milder sky—where it could bring to ma- 
turity other fruits, and yield more certain crops. 

The application of this merely rudimentary knowledge will enable 
you to remove from many improvable spots the stigma of being poor and 
cold; av appellation hitherto applied to them,—not because they are by 
nature unproductive, but because ignorance, or indolence, or indifference, 
has hitherto prevented their natural capabilities from being either ap- 
preciated or made available. 


Note.—In reference to the supposed fertilizing effect of snow, adverted to in the above 
lecture, | may mention a fact observed by Heyer, and quoted by Liebig, (p. 125), that willow 
branches immexsed in snow water put forth roots three or four times longer than when put 
into pure distilled water, and that the latter remained clear while the snow water became 
coloured. This shows that snow contains something not present in distilled water, which 
is capable of accelerating the growth of plants. The experiment would have been more 
instructive in regard to natural operations, had the effect of the snow water been com- 
pared with that of an equal bulk of rain water, collected under similar circumstances. 


LECTURE IIL 


Carbonic and oxalic acids, their properties and relations to vegetable life—Carbonic oxide 
and light carburetted hydrogen, their properties and production in nature—Ammonia, its 
properties and relations to vegetable life. 


§1. Carbonic acid, its properties and relations to vegetable life. 


WueEn charcoal is burned in the air it combines slowly with oxygen, 
and is transformed into carbonic acid gas. In oxygen gas it burns more 
rapidly and vividly, producing the same compound. 

This gas is colourless, like oxygen, hydrogen, and nitrogen, but is 
readily distinguished from all these, by its acid taste and smell, by its solu- 
bility in water, by its great density, and by its reddening vegetable blues. 
Water at 60 I. and under the ordinary pressure of the atmosphere, dis- 
solves rather more than its own bulk of this gas (100 dissolve 106), and, 
however the pressure may be increased, it still dissolves the same bulk. 

All gases diminish in bulk uniformly as the pressure to which they 
are subjected is increased. Thus under a pressure of two atmospheres 
they are reduced to one-half their bulk, of three atmospheres to one- 
third, and so on. When water, therefore, is saturated with carbonic 
acid under great pressure, as in the manufacture of soda water, though 
it still dissolves only its own bulk, yet it retains a weight of the gas 
which is proportioned to the pressure applied. For the same reason 
also, when the pressure is removed, as in drawing the cork from a bot- 
tle of water so impregnated, the gas expands and escapes. causing a 
lively effervescence, and the water retains only its own bulk at the ex- 
isting pressure. This solution in water has a slightly sour taste, and 
reddens vegetable blues. These properties it owes to the presence of 
the gas, which is therefore what chemists call an acid body, and hence its 
name of carbonic actd. [Acids have generally a sour taste, redden 
vegetable blues, or combine with bases, such as lime, soda, potash, &c., 
to form salés.] 

This gas is one-half heavier than atmospheric air, its density being 
1-524, and hence it may be poured through the air from one vessel to 
another. Hence also, when it is evolved from crevices in the earth, in 
caves, in wells, or in the soil, this gas diffuses itself through the atmos- 
phere and ascends into the air, much more slowly than the elementary 
gases described in the previous lecture. Where it issues from the earth 
in large quantity, as in many volcanic districts, it flows along the surface 
like water, enters into and fills up cracks and hollows, and sometimes 
reaches to a considerable distance from its source, before it is lost among 
the still air. 

Burning bodies are extinguished in carbonic acid, and living beings, 
plunged into it, instantly cease to breathe. Mixed with one-ninth of its 
bulk of this gas the atmospheric air is rendered unfit for respiration. It 
is, however, the principal food of plants, being absorbed by their leaves 
and roots in large quantity. Hence the presence of carbonic acid in the 
atmosphere is necessary to the growth of plants, and they have been ob- 
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served to thrive better when the quantity of this gas in the air is con- 
siderably augmented. Common air, as has been already stated, does 
not contain more on an average than,,4,jth of its bulk of carbonic acid, 
but De Saussure found that plants in the sunshine grew better when it 
was increased to ;4th of the bulk of the air, but beyond this quantity 
they were injured by its presence, even when exposed to the sun. 
When the carbonic acid amounted to one-half, the plants died in seven 
days; when it reached two-thirds of the bulk of the air, they ceased to 
grow altogether. In the shade any increase of carbonic acid beyond 
that which naturally exists in the atmosphere of our globe, was found 
to be injurious. 

These circumstances it is of importance to remember. Did the sun 
always shine on every part of the earth’s surface, the quantity of carbo- 
nic acid in the atmosphere might probably have been increased with ad- 
vantage to vegetation. But every such increase would have rendered 
the air less fit for the respiration of existing races of animals. Thus 
we see that not only the nature of living beings, both plants and ani- 
mals, but also the periodical absence of the sun’s rays, have been taken 
into account in the present arrangement of things. 

In perpetual sunshine plants would flourish more luxuriantly in air 
containing more carbonic acid, but they would droop and die in the 
shade. ‘This is one of those proofs of unily of design which occasion- 
ally force themselves upon our attention in every department of nature, 
and compel us to recognise the regulating superintendence of one mind. 
The same hand which mingled the ingredients of the atmosphere, also 
set the sun to rule the day only,—tempering the amount of carbonic 
acid to the time of his periodical presence, as well as to the nature of 
animal and vegetable life. 

Carbonic acid consists of one equivalent of carbon and two of oxygen, 
and is represented by CO,. It umites with bases (potash, soda, lime, 
&c.), and forms compounds known by the name of carbonate. Thus 
pearlash is an impure carbonates of potash,—the common soda of the 
shops, corbonate of soda,;—and limestone or chalk, carbonates of lime. 
From these compounds it may be readily disengaged by pouring upon 
them diluted muriatic or sulphuric acids. From limestone it is also 
readily expelled by heat, as in the common lime-kilns. During this 
process the limestone loses nearly 44 per cent. of its weight, [43-7 when 
pure and dry,] a loss which represents the quantity of carbonic acid dri- 
ven off. [Hence by burning limestone on the spot where it is quarried, 
nearly one-half of the cost of transport is saved, | 

Common carbonate of lime, in its various forms of chalk, hard lime 
stone, or marble, is nearly insoluble in water, but it dissolves readily in 
water containing carbonic acid. ‘Thus, if acurrent of this gas be pass- 
ed through lime-water, the liquid speedily becomes milky from the 
formation and precipitation of carbonate of lime, but after a short time 
the cloudiness disappears, and the whole of the lime is re-dissolved. 
The application of heat to this clear solution expels the excess of car- 
bonic acid, and causes the carbonate of lime again to fall. 

By exposure to the air, we have already seen that water always ab- 
sorbs a quantity of carbonic acid from the atmosphere. As it after- 
wards trickles through the rocks or through soil containing lime, it grad- 
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ually dissolves a portion of this earth, equivalent to the quantity of gas 
it holds in solution, and thus reaches the surface impregnated with cal- 
careous matter. Or it carries it in its progress below the surface to the 
roots of plants, where its earthy contents are made available, either di- 
rectly or indirectly, to the promotion of vegetable growth. To the lime 
thus held in solution, spring and other waters generally owe their hard- 
ness, and it is the expulsion of the carbonic acid, by heat, that causes 
the deposition of the sediment so often observed when such waters are 
boiled. 

I propose hereafter to devote an entire lecture to the consideration of 
the action of lime upon land, as it is employed for agricultural pur- 
poses, but I may here remark. that this solvent action of the carbonic 
acid in rain water is one of the principal agents in removing the lime 
from your soils, and in rendering a fresh application necessary after a 
certain lapse of time. It is the cause also of that deposit of calcareous 
matter at the mouths of drains which you not unfrequently see in lo- 
calities where lime is laid abundantly upon the land. The greater the 
quantity of rain, therefore, which falls in a district, the less permanent 
will be the effects of liming the land—the sooner will it be robbed of 
this important element of a fertile soil. Still carbonic acid is only one 
of several agents which act almost unceasingly in thus removing the 
lime from the land, a fact I shall hereafter have occasion more fully to 
explain. 

In nature, carbonic acid is produced under a great variety of circum- 
stances. It is given off from the lungs of all animals during respira- 
tion. It is formed during the progress of fermentation. Fermented li- 
quors owe their sparkling qualities to the presence of this gas. Dur- 
ing the decay of animal and vegetable substances in the air, in com- 
post heaps, or in the soil, it is evolved in great abundance. In certain 
volcanic countries it issues in large quantity from springs and from 
cracks and fissures in the surface of the earth; while the vast amount 
of carbon contained in the wood and coal daily consumed by burning, 
is carried up into the atmosphere, chiefly in the form of carbonic acid. 
We shall hereafter consider the relation which exists between these 
several sources of supply and the proportion of carbonic acid per- 
manently present in the air and so necessary to the support of vegetable 
life. 


§ 2. Oxalie acid, its properties and relations to vegetable life. 


Oxalic acid is another compound of carbon and oxygen, which, though 
not known to minister either to their growth or nourishment, is yet found 
largely in the interior of many varieties of plants. In an uncombined 
state it exists in the hairs of the chick pea. [In combination with potash 
it is found in the wood sorrel (oxalis acetosella), in the common sorrel, 
and other varieties of rwmer,—in which it is the cause of the acidity of 
the leaves and stems,—in the roots of these plants also, inthe leaves and 
roots of rhubarb, and in the roots of tormentilla, bistort, gentian, saponaria, 
and many others. It is this combination with potash, formerly extracted 
from wood sorrel, which is known in commerce by the name of salt of 
sorrel. In combination with lime it forms the principal solid parts of 
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many lichens, especially of the parmelig and variolaria,* some of which 
contain as much oxalate of lime asis equivalent to 15 or 20 parts of pure 
acid in 100 of the dried plant. 

The crystallized oxalic acid of the shops forms transparent colourless 
crystals, of an intensely sour taste. These crystals dissolve readily in 
twice their weight of cold water, and the solution, when sufficiently di- 
lute, is agreeably acid to the taste. This acid is exceedingly poisonous. 
Half an ounce of the crystals is sufficient to destroy life in a very short 
time, and a quarter of an ounce after the lapse of a few days. It con- 
sists solely of carbon and oxygen in the proportion of two equivalents 
of the former to three of the latter. Its symbol is C,O,. It combines 
with bases, and forms salts which are known by the name of ozalates, 
and it is characterised by the readiness with which it combines with lime 
to form oxalate oflime. Ifa solution of the acid be poured into lime wa- 
ter, the mixture immediately becomes milky from the formation of this 
compound, which is insoluble in water.t It is this oxalate of lime which 
exists in the lichens, while oxalate of potash exists in the sorrels. 

Oxalic acid is one of those compounds of organic origin which we can- 
not form, as we can form carbonic acid by the direct union of its elements. 
In allour processes for preparing it artificially, we are obliged to have re- 
course to a substance previously organized in the living plant. . It may 
be prepared from sugar, starch, or even from wood, by various ehemical 
processes. The usual method is to digest potato starch with five times its 
weight of strong nitrie acid (aquafortis), diluted with ten of water. till red 
fumes cease to be given off, and then to evaporate the solution. The ox- 
alic acid separates in crystals, or, as it is usually expressed, erystallizes in 
the solution thus concentrated by evaporation. 

It is not known to exist in the soil or in the waters which reach the 
roots of plants. Where itis found in living vegetables, therefore, it must, 
like the other substances they contain, have been formed or elaborated 
in the interior of the plant itself. By what very simple changes the 
production of this acid is or may be effected, we shall see in a subse- 
quent lecture. 


§3. Carbonic oxide, its constitution and properties. 


When carbonic acid {CO,) is made to pass through a tube containing 
red-hot charcoal, it undergoes a remarkable change. Its gaseous form 
remains unaltered, but it combines with a second equivalent of carbon 
(becoming C,O,), which it carries off in the aeriform state. The new 


* The parmelia cruciataand variolaria communis are mentioned as peculiarly rich in this 
acid, which used to be extracted from them for sale. A species of parmelia, collected after 
the droughts on the sands of Persia and Georgia, contains 66 per cent. of oxalate of lime, 
with about 23 per cent. of a gelatinous substance similar to that obtained from Iceland moss. 
This lichen is used for food by the Kirghuis. A similar ichen is collected about Bagdad for 
a similar purpose. 

+ Substances that are insoluble are generally without action on the animal economy, and 
may be introduced into the stomach without producing any injurious effect. Hence this ox- 
alate of time, though it contains oxalic acid, is not poisonous. Hence also, if oxalic acid be 
present in the stomach, its poisonous action may be taken away by causing lime water or 
milk of lime to be swallowed in sufficient quantity. The acid combines with the lime, as in 
the experiment described in the text, and forms insoluble oxalate of lime. The common 
magnesia ofthe shops will serve the same purpose, forming an insoluble oxalate of magnesia. 
Itis by performing experiments under circumstances where the results are visible—as in 
glass vessels—that we are enabled to predict the results in circumstances where the phe- 
nomena are not visible, and to act with as much confidence as if we could really see them. 
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gas thus producea is known by the name of carbonic oxide. It consists 
of one equivalent of carbon united to one of oxygen, and is represented 
by C, O., or simply CO. 

This gasis colourless, without taste or smell, lighter than common air, 
nearly insoluble in water, extinguishes flame, does not support life ; 
burns in the air or in oxygen gas with a blue flame, and during this 
combustion is converted into carbonic acid. Itis produced along with 
carbonic acid during the imperfect combustion of coals in our fires and 
furnaces, but is not known to occur in nature, or to minister directly to 
the growth of plants. 


There exists a general relation among the three compounds of carbon 
and oxygen above described, to which it may be interesting to advert, 
in connection with the subject of vegetable physiology. This relation 
appears when we compare together their chemical constitution, as re- 
presented by their chemical formule :— 

Carbonic acid consists of one of carbon and two of oxygen, or CO; 

Carbonic oxide, of one of carbon and one of oxygen, or CO; 

So tbat if carbonic acid be present in a plant, and be there deprived 
of one equivalent of its oxygen, by any vital action, it will be converted 
into carbonic oxide. 

Oxalic acid consists of two of carbon and three of oxygen, or C,Oz. 

If we add together the formule for 

Carbonic acid == CO, and 
Carbonic oxide = CO, we have 
Oxalic acid — C,O,. 

Hence this acid may be formed in the interior of plants, either by the 
direct union of carbonic oxide and carbonic acid, or by depriving two of 
carbonic acid (2CO, or C,O,) of one equivalent of oxygen. 

When in a subsequent lecture we have studied the structure and func- 
tions of the leaves of plants, we shall see how very easy it is to under- 
stand the process by which oxalic acid is formed and deposited in the in- 
terior of plants, and by which carbonic oxide also may be, and probably 
is, produced. 


§ 4. Light carburetted hydrogen—the gas of marshes and of coal mines. 


During the decay of vegetable matter in moist places, or under water, 
a light inflammable gas is not unfrequently given off, which differs in its 
properties from any of those hitherto described. In summer it may often 
be seen rising up in bubbles from the bottom of stagnant pools and 
from marshy places, and may readily be collected. 

This gas is colourless, without taste or smell, and is little more than 
half the weight of common air, [its specific gravity, by experiment, is 
0-5576.] A lighted taper, plunged into it, is immediately extinguished, 
while the gas takes fire and burns with a pale yeliow flame, yielding 
more light, however, than pure hydrogen gas, which it otherwise re- 
sembles. Animals introduced into it, instantly cease to breathe. 

It consists of one equivalent of carbon (C) united to two of hydrogen 
(2H or H,), and is represented by CH,. When burned in the air or 
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ip oxygen gas, the carbon it contains is converted into carbonic acid 
(CO,), and the hydrogen into water (HO). 

Like oxalic acid this gas cannot, by any known process, be produced 
from the direct union of the carbon and hydrogen of which it consists. 
It is readily obtained, however, by heating acetate of potash in a retort, 
with an equivalent proportion of caustic baryta. [Acetate of potash is 
prepared ‘by pouring vinegar (acetic acid) on common pearlash and 
evaporating the solution. | 

In nature it is largely evolved in coal mines, and is the principal com- 
bustible ingredient in those explosive atmospheres which so frequently 
cause disastrous accidents in mining districts. 

This gas is also given off along with carbonic acid during the fermen- 
tation of compost heaps, or of other large collections of vegetable mat- 
ter. It is said also to be generally present in well manured soils, 
[Psrsoz, Chimie Moleculaire, p. 547,] and is supposed by many to con- 
tribute in such cases to the nourishment of plants. It is, however, very 
sparingly soluble in water, so that in a state of solution, it cannot enter 
largely into the pores of the roots, even though it be abundantly present 
in the soil. How far it can with propriety be regarded as a general 
source of food to plants, will be considered in ihe following lecture. 


§ 5. Ammonia, its properties and relations to vegetable life. 


Ammonia is a compound of hydrogen and nitrogen. It is possessed 
of many interesting preperties, and is supposed to perform a very im- 
portant part in the process of vegetation. [t will be proper, therefore, 
to illustrate its nature and properties with considerable attention. 

Ammonia, like the nitrogen and hydrogen of which it is composed, is 
a colourless gas, but. unlike its elements, is easily distinguished from 
all other gaseous substances by its smell and taste. 

It possesses a powerful penetrating odour (familiar to you in the smell 
of hartshorn and of common smelling salts), has a burning acrid alka- 
line* taste, extinguishes a lighted taper as hydrogen and nitrogen do, but 
does not itself take fire like the former. [t instantly suffocates animals, 
kills living vegetables, and gradually destroys the texture of their parts. 

It is absorbed in large quantities by porous substances, such as char- 
coal—which, as already stated, absorbs 95 times its own bulk of am- 
moniacai gas. Porous vegetable substances ina decaying State likewise 
absorb it. Porous soils also, burned bricks, burned clay, and even com- 
mon clay and iron ochre, which are mixed together on the surface of 
most of our fertile lands—all these are capable of absorbing or drinking 
in, and retaining within their pores, this gaseous substance, when it hap- 
pens to be brought into contact with them. 

But the quantity absorbed by water is much greater and more sur- 
prising. Jf the mouth of a bottle filled with this gas be immersed in 
water, the latter will rush up and fill the bottle almost instantaneously ; 
and if a sufficient supply of ammonia be present, a given quantity of 
water will take up as much as 670 times its bulk of the gas. 

This solution of ammonia in water is the spirit of hartshorn of the 
shops. When saturated [that is, when gas is supplied till the water re- 


* The term alkaline, as applied to taste, willbe best understood by describing it as a taste 
imilar to that of the common soda and pearlash of the shops. 
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fuses to take up any more,] it is lighter than pure water, [its specific 
gravity is 0-875, water being 1,] has the pungent penetrating odour of the 
gas, and its hot, burning, alkaline taste—is capable of blistering the 
skin, and decomposing or destroying the texture of animal and vegeta- 
ble substances. 

You will remark here the effect which combination has in investing 
substances with new characters. Thetwo gases hydrogen and nitrogen, 
themselves without taste or smell, and absorbed by water in minute 
quantity only, form by their union a compound body remarkable both 
for taste and smell, and for the rapidity with which water absorbs it. 

Ammonia possesses also alkaline properties,* it restores the blue 
colour of vegetable substances that have been reddened by an acid, and 
it combines with acid substances to form salts. 

Among gaseous substances, therefore, there are some which, like car- 
bonic acid, have a sour taste and redden vegetable blues; others which, 
like ammonia, have an alkaline taste and restore the blue colour; and 
a third class which, like oxygen, hydrogen, and nitrogen, are destitute of 
taste and do not affect vegetable colours. These last are called neu- 
tral or indifferent substances. 

Ammonia, as above stated, combines with acids and forms salts, 
which at the ordinary temperature of the atmosphere are all solid sub- 
stances. Hence if carbonic acid gas be mixed with ammoniacal gas, 
a white cloud is formed consisting of minute particles of solid carbonate 
of ammonia—the smelling salts of the shops. Hence also a feather 
dipped into vinegar or dilute muriatic acid (spirit of salt), and then in- 
troduced into ammoniacal gas, forms a similar white cloud, and be- 
comes covered with a white down of solid acetate or of muriate of ammonia 
(sal ammoniac). The same appearance is readily seen by holding the 
feather to the mouth of a bottle containing hartshorn (liquid ammonia), 
from which ammoniacal gas continually escapes, and by its lightness rises 
into the air, and thus comes in contact with the acid upon the feathers. 

The fact of the production of a solid body by the union of two gases 
(ammonia and carbonic or muriatic acid gases) is one of a very inter- 
esting nature tothe young chemist, and presents a further illustration 
of the changes resulting from chemical combination as explained in 
the previous lecture. 

Ammonia is little more than half the weight of common air, [more 
nearly three-fifths, its specific gravity being 0°59, that of air being 1,] 
hence when liberated on the earth’s surface it readily rises into and 
mingles with the atmosphere. It consists of hydrogen and nitrogen 
united together in the proportion of three equivalents of hydrogen (3H 
or H,) and one of nitrogen (N), [see Lecture II,] and hence. it is re- 
presented by the symbol (N + 3H), or more shortly by NH3. 100 
parts by weight contain 824 of nitrogen and 174 of hydrogen, [correct- 
ly 82:545 and 17-455 respectively. ] 

In nature, ammonia exists in considerable*quantity It is widely, 


* In the previous lecture, the term acid was explained as applying to substances possess- 
edof a sour taste, and capable of reddening vegetable blues or combining with dases (pot- 
ash, soda, magnesia, &c.) to form salts ; alkalies are such as possess an alkaline taste (see 
previous Note), restore the blue colour to reddened vegetable substances, or combine with 
acids to form salts. Of salts, nitrate of soda, saltpetre (nitrate of potash), and glauber salts 
(sulphate of soda), are examples. 3 

* 
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almost universally, diffused, but is not known to form large deposits on 
any part of the earth’s surface, or to enter as a constituent into any 
of the great mineral masses of which the crust of the globe is com- 
posed. It exists most abundantly ina state of combination—in the 
forms, for exantple, of muriate (sal ammoniac), of nitrate, and of carbon- 
ate of ammonia. It frequently escapes into the atmosphere in an un- 
combined state, especially where animal matters are undergoing decay, 
but it rarely exists in this free state for any length of time. It speedily 
unites with the carbonic acid of the air, with one or other of the numer- 
“ous acid vapours which are continually rising from the earth, or with 
the nitric acid which is formed at the expense of the nitrogen and oxy- 
gen of which the atmosphere consists. 

The influence of ammonia on vegetation appears to be of a very 
powerful kind. It seems not only to promote the rapidity and luxu- 
riance of vegetation, but to exercise a powerful control over the func- 
tions of vegetable life. In reference to the nature and extent of this 
action, int» which we shall hereafter have occasion to inquire, there 
are several special properties of ammonia which it will be of impor- 
tance for us previously to understand. 

1°. It has a powerful affinity* for acid substances. Hence the 
readiness with which it unites with acid vapours when it rises into the 
atmosphere. Hence also when formed or liberated in the soil, in the 
fold-yard, in the stable, or in compost heaps, it unites with such acid 
substances as may be presentin the soil, &c. and forms saline com- 
pounds or salts. All these salts appear to be more or less influential in 
the processes of vegetable life. 

2°. Yet this affinity is much Tess strong than that which is exhibited 
fot the same acids by potash, soda, lime, or magnesia. Hence if any 
of these substances be mixed or brought into contact with a salt of am- 
monia, the acid of the latter is taken up by the potash or lime, while 
the ammonia is separated in a gaseous state. Thus when sal ammo- 
niac in powder is mixed with twice its weight of quick-lime, ammoni- 
acal gas is liberated in large quantity. This is the method by which 
pure ammonia is generally prepared; and one of the many functions 
performed by lime wheu employed for the improvement of land, espe- 
cially on soils rich in animal and vegetable matter, is that of decompo- 
sing the salts, especially the organic salts, of ammonia,—as will be 
more fully explained when we come to treat at length of this important 
part of agricultural practice. 

3°. The salts which ammonia forms with the acids are all, like am- 
monia itself, very soluble in water. Hence two consequences follow. 
First, that which rises into the air in the form of gas, and there com- 
bines with the carbonic or other acids, is readily dissolved, washed out 


* By affinity is meant the tendency which bodies have to unite and to remain united or 
combined. Thus ammonia forms a solid substance with the vapour of vinegar the moment 
the two substances come into contact; they have, therefore, a strong tendency to unite, or 
an affinity for each other. 


t See Lecture XVI. “On the use of lime.” Owing to this property the action of lime upon 
compost heaps is often injurious, by causing the evolution of the ammonia produced during 
the decomposition of the anima! matters they contain. This escape of ammonia, even 
when imperceptible by the sense of smell, is easily detected by holding over the heap a fea- 
ther dipped in vinegar or in spirit of salt (muriatic acid), when white fumes are immediate- 
ly perceived if ammonia be present. 
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and brought to the earth again by the rains and dews; so that at the 
same time the air is purified for the use of animals, and the ammo- 
nia brought down for the use of plants. And second, whatever salts of 
ammonia are contained in the soil, being dissolved by the rain, are in 
a condition to be taken up, when wholesome, by the roots of plants; or 
to be carried off by the drains when injurious to vegetation. 

4°. I have already alluded to the fact of this gas being absorbed by 
porous substances, and to its presence, in consequence, in porous soils, 
and in burned bricks and clay. With the purer kinds of unburned 
clay, however, and with the oxide of iron contained in red (or ferrugi- 
nous)* soils, ammonia is supposed to form a chemical compound of a 
weak nature. In consequence of its affinity or feeble tendency to com- 
bine with these substances, they attract it from the air, and from decay- 
ing animal or vegetable matters, and retain it more strongly than many 
porous substances can,—yet with a sufficiently feeble hold to yield it 
up, readily as is supposed, to the roots of plants, when their extremities 
are pushed forth in search of food. In this case the carbonic, acetic, 
and other acids given off, or supposed to be given off by the roots, exer- 
cise an influence to which more particular allusion will be made here- 
after. 

6°. In the state of carbonate it decomposes gypsum, forming carbon- 
ate of lime (chalk) and sulphate of ammonia.t The action of gypsum 
on grass lands, so undoubtedly beneficial in many parts of the world, 
has been ascribed to this single property; it being supposed that the 
sulphate of ammonia formed, is peculiarly favourable to vegetation. 
This question will come properly under review hereafter. I may here, 
however, remark that if this be the sole reason for the efficiency of gyp- 
sum, its application ought to be beneficial on all lands not already 
abounding either in gypsum or in sulphate of ammonia.{ But if the 


* Soils reddened by the presence of oxide of iron. 

t Gypsum is sulphate of lime—consisting of sulphuric acid (oil of vitriol) and quicklime. 
Carbonate of ammonia consists of carbonic acid and ammonia. When the two substances 
act upon each other in a moist state—the two acids change places—the sulphuric acid, as it 
were, preferring the ammonia, the carbonic acid the lime. 

t Liebig says—*“ the striking fertility of a meadow on which gypsnin is strewed depends 
only on its fixing in the soil the ammonia of the atmosphere, which would otherwise be vola- 
tilized with the water which evaporates.”—Organic Chemistry applied to Agriculture, p. 86. 
[By fixing is meant the forming of sulphate with the ammonia. Rain water is supposed to 
bring down with it carbonate of ammonia (common smelling salts), which acts upon the szl- 
phate of lime (zypsum) in such a way that sulphate of ammonia and carbonate of lime are 
produced. The carbonate of ammonia readily volatilizes or rises again into the air, the sul- 
phate does not—hence the use of the word /iz.] 

When we come to consider the subject of mineral manures in general, we shall study 
more in detail the specific action of gypsum in promoting vegetation—a very simple calcula- 
tion, however, will serve to shew that the above theory of Liebig is far from affording a satis- 
factory explanation of all the phenomena. f ane : : 

Supposing the gypsum fo meet with a sufficient supply of ammonia in the soil, and that it 
exercises its full influence. 100 lbs. of common wnburned gypsum will fix or form sulphate 
with nearly 20lbs. of ammonia containing J6}1bs. of nitrogen. One hundred weight, there- 
fore, (112 Ibs.) will form as much sulphate as will contain 2241bs. of ammonia, and if intro- 
duced without loss into the interior of plants will furnish them with 183 lbs. of nitrogen. 

1°. In the first volume of British Husbandry, pp. 322, 323, the following experiment is 
recorded : 

Mr. Smith, of Tunstal, near Sittingbourne, top-dressed one portion of a field ef red clover 
with powdered gypsum at the rate of five bushels (or four hundred weight") per acre, and 
compared the produce with another portion of the same field, to which no manure had: been 


[° Aton of pure gypsum, when crushed, will yield 25 bushels. It should, however, al- 
ways be applied by weight.) 
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results of experimental farming in this country are to be trusted, this is 
by no means the case. The action neither of this, nor probably of any 
other inorganic substance applied to the soil, is to be explained by a 
reference in every case to one and the same property only. 

7°, The presence or evolution of ammonia in a soil containing animal 
and vegetable matter in a decaying state, induces or disposes this mat- 
ter to attract oxygen from the air more rapidly and abundantly. The 
result of this is, that organic acid compounds are formed, which combine 


applied. The first crop was cut for hay, and the second ripened for seed. The following 
were the comparative results per acre: 
HAY CROP. SEED. STRAW. 


ewl. qrs. lbs. ewt. grs. lbs, 
Gypsumed ..... 60 3 21 22 3 12 
Unmanured. . .. . 2 0 20 5 0 0 
Excess of produce . . 40 3 if 47 +312 


The excess of produce in all the three crops upon the gypsumed land is very large: let us 
calculate how mtch nitrogen this excess would contain. Ina previous lecture (II. p. 30) it 
was stated as the result of Boussingault’s analyses, that dry clover seed contained 7 per 
cent. of nitrogen, and the same experimenter found in the hay of red clover 14 per cent. (or 
70 and 15 lbs. respectively in 1009.) 

The seed as it was weighed by Mr. Smith would still contain one-ninth of its weight of 
water, and, consequently, only 6)grd per cent. of nitrogen, {see Lecture If. p. 30.] Let it 
be taken at 6 per cent. and let ihe straw be supposed to contain only 1 per cent. of nitro- 
gen, the quantity of thia element being found to diminish in the grasses after the seed has 
ripened, and averaging | pee cent. in the straw of wheat, oats, and barley, the weight of ni- 
trogen reaped in the whole crop will then be as follows: 

1. 40 ewt. of hay (4480 lbs.) at I$ per cent. of nitrogen. contain 67 lbs. 
2. 85 lbs. of seed at 6 percent,contain . . . . .. . . 5lbs 
3. 17 ewt. 3qrs. 12 lbs. or 2000 lbs. of straw at 1 per cent. conitain 20 lbs. 

Total nitrogen in the excess of crop, 92 lbs. 

But, as above shewn, the five bushels or four ewt. of gypsum could fix only 90 lbs. of am- 
monia containing 74 lbs. of nitrogen, leaving, therefore, 18 lbs. or one-fifth of the whole, to be 
derived from some other source. 

Now this result supposes that none of the gypsum or sulphate of ammonia was carried 
away by the rains, but thatthe whole remained in the soil, and produced its greatest possible 
effect on the clover—-and ail in one season. 

But the effect of the gypsum does not disappear with the crop to which it is actually ap- 
plied. Its beneficial action is extended to the succeeding crop of wheat, and on grass lands 
the amelioration is visible for a succession of years. If, then, the increased produce ofa 
single year may contain more nitrogen than the gypsum can be supposed to yield, this sub- 
stance must exercise some other influence over vegetation than is involved in its supposed 
aclion on the indefinite quantity of ammonia in the atmosphere. 

2°. Again, Mr. Barvard, of Little Bordean, Hants, applied 23 ewt. per acre on two-year 
old sain-foin,onaclayey soil. The increased produce of the first cutting was a ton per 
acre, and in October fully a ton, the undressed part yielding scarcely any hay at all, while 
the dressed part gave 1} tons. ‘lhe second year no gypsum was applied, and the difference 
is said to have been at least as great. . 

Supposing the increased produce in all to have been 4 tons of hay, and the nitrogen it cou- 
tained to have been only one per cent.—the 4 tons (8960 Ibs.) would contain about 90 Ibs. of 
nitrogen. But 25 ewt. would fix only 46 lbs. of nitrogen in the form of ammonia ; and there- 
fore, supposing it to have produced its maximum effect, ‘here remain 44 lds. or nearly one 
half of the whole, unaccounted for by the theory. 

would not be understood to place absolute reliance on tie results of the above experi- 
ments ; but the way in which such results may be easily applied for the purpose of testing 
theoretical views, will, I hope, convince the intelligent practical agriculturist how important 
it is, that the results of some of the experiments he is every year making should be accu- 
rately determined by weight and measure. By this means data would gradually be accu- 
mulated, on which we might hope to found more unexceptionable explanations of the phe- 
nomena of vegetation, than the results obtained in our laboratories have hitherto enabled 
us to advance. 

In a subsequent note it will be shewn that the mode in which the nitrates of soda and 
potash act—in other words, the theory of their action upon vegetation—-may be tested by a 
similar simple calculation, and the importance of precise experiments made on the farm 
will then still further appear. It is in the hope of inducing some of my readers to make 
comparative trials and publish accwrate results, that I have introduced into the Appendix 
(No. 1.) an outline of the mode in which such experiments may most usefully be performed. 
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with the ammonia, and form ammoniacal salts.* On the decomposi- 
tion of these salts by lime or otherwise—the organic acids which are se- 
parated from them, are always more advanced towards that state in 
which they again become fit to act as food for plants. 

8°. Butthe most interesting, and perhaps the most important proper- 
ty of ammonia, is one which I have already had occasion to bring under 
your notice, as possessed by water also, and as peculiarly fitting that 
fluid for the varied functions it performs in reference to vegetable life. 
This property is the ease with which it undergoes decomposition, either 
in the air, in the soil, or in the interior of plants. 

In the air it is diffused through, and intimately mixed with, a large 
excess of oxygen gas. In the soil, especially near the surface, it is also 
continually in contact with oxygen. By the influence of electricity in 
the air, and of lime and other bases in the soil, it undergoes a constant 
though gradual decomposition (oxidation), its hydrogen being chiefly 
converted into water, and a portion of its nitrogen into nitric acid.t 

In the interior of plants this and other numerous and varied decom- 
positions in all probability take place. 

The important influence which ammonia appears to exercise over the 
growth of plants—the evidence for which I shall presently lay before 
you—is only to be explained on the supposition that numerous transfor- 
mations of organic substances are effected in the interior of living vege- 
tables—which transformations all imply the separation from each other, 
or the re-arrangement of the elements of which ammonia consists. In 
the interior of the plant we have seen that water, ever present in great 
abundance, is also ever ready to yield its hydrogen or its oxygen.as oc- 
casion may require, while these same elements are never unwilling to 
unite again for the formation of water. So it is, to a certain degree, 
with ammonia. The hydrogen it containsin so large a quantity is ready 
toseparate itself from the nitrogen in the interior of the plant, and, in con- 
cert with the other organic elements introduced by the roots or the leaves, 
to aid in producing the different solid bodies of which the several parts 
of plants are made up. ‘The nitrogen also becomes fixed in the coloured 
petals of the flowers, in the seeds, and in other parts, of which it appears 
to constitute a necessary ingredient—passes off in the form of new com- 
pounds, in the insensible perspiration or odoriferous exhalations of the 
plant,—or returning with the downward circulation, is thrown off by the 
root into the soil from which it was originally derived. Much obscurity 
still rests on the actual transformations which take place in the interior 
of plants, yet we shall be able in a future lecture, I hope, to arrive at a 
tolerably clear understanding of the general nature of many of them. 

Such are the more important of those properties ofammonia, to which 
we shall hereafter have occasion to advert. The sources, remote as 
well as immediate, from which plants derive this, and other compounds 
we have described as contributing two the nourishment and growth of 
plants, will be detailed in a subsequent section. 


” Organic acids generally contain more oxygen in proportion to their carbon and hydro- 
gen, than those which are alkaline or neutral. 

t It will be remembered that ammonia is represented by NH3, water by HO, and nitric 
acid by NO5. It is easy to see, therefore, how, by means of oxygen, ammonia should he 
converted into water and nitric acid. 
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§ 6. Nitric acid, its constitution and properties. 


When the nitre or saltpetre of commerce is introduced into a retort, 
covered with strong sulphuric acid (oil of vitriol*) and heated over a lamp 
or a charcoal fire, red fumes are given off, and a transparent, often 
brownish or reddish liquid, distils over, which may be collected in a,bot- 
tle or other receiver of glass. This liquid is exceedingly acid and cor- 
rosive. In small quantity it stains the skin and imparts a yellow colour 
to animal and vegetable substances. In larger quantity it corrodes the 
skin, producing a painful sore, rapidly destroys animal and vegetable 
life, and speedily decomposes and oxidizesf all organic substances. 
Being obtained from nitre, this liquid is called nitric acid. It consists of 
nitrogen combined with oxygen, one equivalent of the former (N) being 
united to 5 of the latter (O;), and is represented by NO. 

This acid contains much oxygen, as its formula indicates, and its ac- 
tion on nearly all organic substances depends upon the ease with which 
it is decomposed, and may be made to part with a portion of this oxygen. 

In nature, it never occurs in a free state; but it is found in many in- 
tertropical (hot) countries in combination with potash, soda, and lime—in 
the state of nitrates. It isan important character of these nitrates that, like 
the salts of ammonia, they are all very soluble in water. Those of so- 
da, lime, and magnesia attract moisture from the air, and in a damp at- 
mosphere gradually assume the liquid form. 

Saltpetre is acompound of nitric acid with potash (nitrate of potash). 
It is met with in the surface soil of many districts in Upper India, and 
is separated by washing the soil and subsequently evaporating (or boil- 
ing down) the clear liquid thus obtained. When pure, it does not be- 
come moist on exposure to the air. It is chiefly used in the manufac- 
ture of gunpowder, but has also been recommended and frequently and 
successfully tried by the practical husbandman, as an influential agent 
in promoting vegetation. 

In combination with soda, it is found in deposits of considerable thick- 
ness in the district of Arica in Northern Peru, from whence it is im- 
ported into this country, chiefly for the manufacture of nitric and sulphu- 
ric acids. More recently its lower price has caused it to be extensively 
employed in husbandry, especially as a top-dressing for grass lands. 
Like the acid itself, these nitrates of potash and soda, when present in 
large quantities, are injurious to vegetation. This is probably one cause 
of the barrenness of the district of Arica in Peru, and of other countries, 
where in consequence of the little rain that falls, the nitrous incrusta- 
tions are accumulated upon the soil. In small quantity they appear to 
exercise an important and salutary influence on the rapidity of growth, 
and on the amount of produce of many of the cultivated grasses. This 
salutary influence is to be ascribed, either in whole or in part, to the 
constitution and nature of the nitric acid which these salts contain. It 


* Sulphuric acid is a compound of oxygen and sulphur, which is prepared by burning sul- 
phbur with certain precautions in lange leaden chambers. It is also obtained directly by dis- 
tilling green vitriol (sulphate of iron) at a high temperature in an iron still—hence its name oz! 
of vitriol. It is a heavy, oily, acid, and remarkably corrosive liquid. Ina concentrated state 
itis exceedingly destructive both to animal and to vegetable life. 


t+ When asubstance combines with oxygen, either in consequence of exposure to the air 
or in any other circumstances, it is said to become oxidized. 
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is chiefly with a view to the explanation I shall hereafter attempt to 
give of the nature of this salutary action, that I lave thought it neces- 
sary here to make you acquainted with this acid compound of nitrogen 
and oxygen, in connection with the alkaline compound (ammonia) of the 
same gas with hydrogen. 

Having thus shortly described both the organic elements themselves, 
and such chemical compounds of these elements as appear to be most 
concerned in promoting the growth of plants, we are prepared for enter- 
ing upon the consideration of several very important questions. These 
questions are— 

1°. From what source do plants derive the organic elements of which 
they are composed ? 

2°. In what form do plants take them up—or what proof have we 
that the compounds above described really enter into plants? 

3°. By what organs is the food introduced into the circulation of 
plants? In consequence of what peculiar structure of these several 
parts are plants enabled to take up the compounds by which they appear 
to be fed ; and what are the functions of these parts, by the exercise of 
which the food is converted and appropriated to their own sustenance 
and further growth? 

4°. By what chemical changes is the food assimilated by plants, that 
is—atter being introduced into the circulation, through wnat series of 
chemical changes does it pass, before it is converted by the plant into 
portions of its own substance? 

5°. By what natural laws or adaptations is the supply of those com- 
pounds, which are the food of plants, kept up? Animals are supported 
by an unfailing succession of vegetable crops,—by the operation of what 
invariable laws is food continually provided for plants ? 

These questions we shall consider in succession 


LECTURE IV. 


Source of the organic elements of plants—Source of the carbon—Form in which it enters 
into the circulation of plants—Source of the hydrogen—Source of the oxygen—Source of 
the nitrogen—Form in which nitrogen enters into the circulation of plants—Absorption of 
ammonia and nitric acid by plants. 


Tue first of the series of questions stated at the close of the preceding 
lecture, regards the source from which plants derive the organic ele- 
ments of which they are composed. They are supported, it is obvious, 
at the conjoined expense of the earth and the air—how much do they 
owe to each, and for which elements are they chiefly and immediately 
indebted to the soil, and for which to the atmosphere? We must first 
consider the source of each element separately. 


§1. Source of the carbon of plants. 


We have already seen reason to believe that carbon is incapable of 
entering direct'y, in its solid state, into the circulation of plants. It is 
generally consilered, indeed, that solid substances of every kind are un- 
fit for being taken up by the organs of plants, and that only such as are 
in the liquid or gaseous state, can be absorbed by the minute vessels of 
which the cellular substances of the roots and leaves of plants are com- 
posed. Carbon, therefore, must enter either in the gaseous or liquid 
form, but from what source must it be derived? There are but two 
sources from which it can be obtained,—the soil in which the plant 
grows—and the air by which its stems and leaves are surrounded. 

In the soil much vegetable matter is often present, and the farmer 
adds vegetable manure in large quantities with the view of providing 
food for his intended crop. Are plants really fed by the vegetable mat- 
ter which exists in the soil, or by the vegetable manure that is added to 
it? 

This question has an important practical bearing. Let us, therefore, 
submit it to a thorough examination. 

1°. We know, from sacred history, what reason and science concur 
in confirming, that there was a time when no vegetable matter existed 
in the soil which overspread the earth’s surface. The first plants must 
have grown without the aid of either animal or vegetable matter—that 
is, they must have been nourished from the air. 

2°. Itis known that certain marly soils, raised from a great depth 
beneath the surface, and containing apparently no vegetable matter, 
will yet, without manure, yield luxuriant crops. The carbon in such 
cases must also have been derived from the air. 

3°. You know that some plants grow and increase in size when sus- 
pended in the air, and without being in contact with the soil. 

You know, also that many plants—bulbous flower roots for example 
—will grow and flourish in pure water only, provided they are open to 
the access of the atmospheric air. Seeds also will germinate, and, 
when duly watered, will rise into plants, though sown in substances 
that contain no trace of vegetable matter. 
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Thus De Saussure found that two beans, when caused to vegetate in 
the open air on pounded flints, doubled the weight of the carbon they 
originally contained. 

Under similar circumstances Boussingault found the seeds of trefoil 
increased in weight 24 times, and wheat gave plants equal in weight, 
when dry, to twice that of the original grains, [Ann. de Chim. et de Phys. 
Ixvii., p- 1.] The source of the carbon in all these cases cannot be 
doubted. , 

4°. When lands are impoverished, you lay them down to grass, and 
the longer they lie undisturbed the richer in vegetable matter does the 
soil become. When broken up, you find a black fertile mould where 
little trace of organic matter had previously existed. 

The same observation applies to lands long under wood. The vege- 
table matter increases, the soil improves, and when cleared and plough- 
ed it yields abundant crops of corn. 

Do grasses and trees derive their carbon from the soil? Then, how, 
by their growth, do they increase the quantity of carbonaceous matter 
which the soil contains? It is obvious that, taken as a whole, they 
must draw from the air not only as much as is contained in their own 
substance, but an excess also, which they impart to the soil. 

5°. But on this point the rapid growth of peat may be considered as 
absolutely conclusive. A tree falls across a little running stream, dams 
up the water, and produces a marshy spot. Rushes and reeds spring 
up, mosses take root and grow. Year after year new shoots are sent 
forth, and the old plants die. Vegetable matter accumulates; a bog, 
and finally a thick bed of peat is formed. 

Nor does this peat form and accumulate at the expense of one spe- 
cies or genus of plants only. Latitude and local situation are the cir- 
cumstances which chiefly effect this accumulation of vegetable matter 
on the soil. In our own country, the lowest layers of peat are formed 
of aquatic plants, the next of mosses, and the highest of heath. In 
Terra del Fuego, ‘‘nearly every patch of level ground is covered by 
two species of plants (astelia pumila of Brown, and donatia magellan- 
ica), which, by their joint decay, compose a thick bed of elastic peat.” 
‘In the Falkland Islands, almost every kind of plant, even the coarse 
grass which covers the whole surface of the island, becomes converted 
into this substance.”’* 

Whence have all these plants derived their carbon? The quantity 
originally contained in the soil is, after a lapse of years, increased ten 
thousand fold. Has dead matter the power of reproducing itself? 
You will answer at once, that all these plants must have grown at the 
expense of the air, must have lived on the carbon it was capable of af- 
fording them, and as they died must have left this carbon in a state un 
fit to nourish the succeeding races. 

This reasoning appears unobjectionable, and, from the entire group of 
“cts, we seem justified in concluding that plants every where, and 
under all circumstances, derive the whole of their carbon from the af- 
mosphere. 


* Darwin's Researches in Geology and Nutural History, pp. 349-50. Dr. Gerville informs 
me that the as/elia approaches more nearly to the juncez or rush tribe,and the donatia to our 
tufted saxifrages, than to any other British plants. 
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In certain extreme cases, as in those of plants growing in the air and 
in soils perfectly void of organic matter, this conclusion must be abso 
lutely true. ‘The phenomena admit of no other interpretation. But is 
it as strictly true of the more usual forms of vegetable life, or in the or- 
dinary circumstances in which plants grow spontaneously or are culti- 
vated by the art of man? Has the vegetable matter of the soil no 
connection with the growth of the trees or herbage ?—does it yield them 
no regular supplies of nourishment? Does nature every where form a 
vegetable mould on which her wild flowers may blossom and her pri- 
meval forests raise their lofty heads? Has the agricultural experience 
of all ages and of all countries led the practical farmer to imitate nature 
in preparing such a soil? Does nature work in vain ?—is all this ex- 
perience to be at once rejected ? 

While we draw conclusions, legitimate in kind, we must be cautious 
how, in degree, we extend them beyond our premises. 

The consideration of one or two facts will shew that our general con- 
clusion must either be modified or more cautiously expressed. 

1°. [t is true that plants will, in certain circumstances, grow in a soil 
containing no sensible quantity of organic matter—but it is also true, 
generally, that they do not luxuriate or readily ripen their seed in such a 
soil. 

It is consistent with almost universal observation, that the same 
soil is more productive when organic matter is present, than when it is 
wholly absent. 

3°. That if the crop be carried off a field, less organic matter is left 
in the soil than it contained when the crop began to grow, and that by 
constant cropping the soil is gradually exhausted of organic matter. 

Now it must be granted that tillage alone, without cropping, would 
gradually lessen the amount of organic matter in the soil, by continually 
exposing it to the air and hastening its decay and resolution into gaseous 
substances, which escape into the atmosphere. But two years’ open 
fallow, with constant stirring of the land, will not rob it of vegetable 
matter so effectually as a year of fallow succeeded by a crop of wheat. 
Some of the vegetable matter, therefore, which the soil contained when 
the seed was sown, must be carried off the field in the crop. 

The conclusion therefore seems to be reasonable and legitimate, that 
the crop which we remove from a field has not derived all its carbon di- 
rectly from the air—but has extracted a portion of it immediately from 
the soil. It is to supply this supposed loss, that the practical farmer 
finds it necessary to restore to the land in the form of manure—among 
other substances—the carbon also of which the straw or hay had robbed 
the soil. 

But how is this reconcileable with our previous conclusion, that the 
whole of the carbon is derived from the air? ‘The difficulty is of easy 
solution. 

A seed germinates in a soil in which no vegetable matter exists; it 
sprouts vigorously, increases then slowly, grows languidly at the expense 
of the air, and the plant dies stunted or immature. But in dying it im- 
parts vegetable matter to the soil, on which the next seed thrives better 
—drawing support not only from the air, but by its roots from the soil 
also. The death of this second plant enriches the soil further, and thus, 
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while each succeeding plant is partly nourished by food from the earth, 
yet each, when it ceases to live, imparts to the soil all the carbon which 
during its life it has extracted from the air. Let the quantity which 
each plant thus returns to the soil, exceed what it has drawn from it by 
only one ten-thousandth of the whole, and—unless other causes inter- 
vene—the vegetable matter in the soil must increase. 

Thus while it is strictly true that the carbon contained in all plants 
has been originally derived from the air, it is not true that the whole of 
what is contained in any one crop we raise, is directly derived from the 
atmosphere—the proportion it draws from the soil is dependent upon nu- 
merous and varied circumstances. 

The history of vegetable growth, therefore—in so far at least as the 
increase of the carbon is concerned—may be thus simply stated : 

1°. A plant grows partly at the expense of the soil, and partly at that 
of the air. When it reaches maturity, or when winter arrives, it dies. 
The dead vegetable matter decays, a part of it is resolved into gaseous 
matter and escapes into the air, a part remains and is incorporated with 
the soil. Ifthat which remains be greater in quantity than that which 
the plant in growing derived from the soil, the vegetable matter will in- 
crease; if less, it will diminish. 

2°. In warm climates the decay of deat vegetable matter is more 
rapid, and, therefore, the portion left in the soil will be less than in 
more temperate regions—in other words, the vegetable matter in the 
soil willincrease less rapidly—it may not increase at all. 

3°. As we advance into colder countries, the decay and disappearance 
of dead vegetable matter, in the form of gaseous substances which escape 
into the atmosphere, become more slow—till at length, between the par- 
allels of 40° and 45°, it begins to accumulate in vast quantities in favour- 
able situations, forming peat bogs of greater or less extent. While the 
living plant here, as in warm climates, derives carbon both from the 
earth and from the air, the dead plant, during its slow and partial decay, 
restores little to the atmosphere, and therefore adds rapidly to the vege- 
table matter of the soil. 

4°, Again, in one and the same climate, the decay of vegetable mat- 
ter, and its conversion into gaseous substances, is more rapid in propor- 
tion to the frequency with which it is disturbed or exposed to the action 
of the sun and air. Hence this decay may be comparatively slow in 
shady woods and in fields covered by a thick sward of grass; and in such 
situations organic matter may accumulate, while it rapidly diminishes 
in an uncovered soil, or in fields repeatedly ploughed and subjected to 
frequent cropping.* 

Being thus fitted, by nature, to draw their sustenance—now from the 
earth, now from the air, and now from both, according as they can most 
readily obtain it—plants are capable of living,—though rarely a robust 
life,—at the expense of either. The proportion of their food which they 
actually derive from each source, will depend upon many circumstan- 
ces—on the nature of the plant itself—on the period of its growth—on 
the soil in which it is planted—on the abundance of food presented to 


* In removing a crop we take away both what the plants have received from the earth and 
what they have absorbed from the air—the materials, in short, intended by nature to restore 
the loss of vegetable matter arising from the natural decay. 
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cither extremity—on the warmth and moisture of the climate—on the du- 
ration and intensity of the sunshine, and other circumstances of asimilar 
kind—so that the only general law seems to be, that, like animals, plants 
have also the power of adapting themselves, to a certain extent, to the 
conditions in which they are placed ; and of supporting life by the aid of 
such sustenance as may be within their reach. 

Such a view of the course of nature in the vegetable kingdom, is con- 
sistent, I believe, with all known facts. And that the Deity has bounti- 
fully fitted the various orders of plants—with which the surface of the 
earth is at once beautified and rendered capable of supporting animal 
life—to draw their nourishment, in some spots more from the air, in oth- 
ers more from the soil, is only in accordance with the numerous provisions 
we everywhere perceive, for the preservation and continuance of the 
preseni condition of things. 

By taking a one-sided view of nature, we may arrive at startling 
conclusions—correct, if taken as partial truths, yet false, if advanced as 
general propositions—and fitted to lead into error, such as have not the 
requisite knowledge to enable them to judge for themse!ves—or such as, 
doubtful of their own judgment, are willing to yield assent to the author- 
ity of a name. 

Of this kind appears, at first sight, to be the statement of Liebig, that 
‘‘wlfen a plant is quite matured, and when the organs by which it ob- 
tains food from the atmosphere are formed, the carbonie acid of the soil 
is uo further required’’—and that, ‘during the heat of summer it derives 
its carbon exclusively from the atmosphere.”—[Organic Chemistry ap- 
plied to Agriculture, p. 48.] 

A little consideration will shew us that, while the proposition contained 
in the former quotation may be entertained and advanced as a matter of 
opinion—the latter is obviously incorrect. In summer, when the sun 
shines the brightest, and for the greatest number of hours, the evapora- 
tion from the leaves of all plants (their insensible perspiration) is the 
greatest—the largest supply of water, therefore, must at this season be 
absorbed by the roots, and transmitted upwards to the leaves.—[ Lindley’s 
Theory of Horticulture, p. 46.]—But this water, before it enters the roots, 
has derived carbonic acid and other soluble substances from the air and 
from the soil, in as large quantity at this period as at any other during 
the growth of the plant; and these substances it will carry with it in its 
progress through the roots and the stem. 

Are the functions of the root changed at this stage of the plants* 
growth? Do they now absorb pure water only, carefully separating and 
refusing to admit even such substances as are held in solution? Or 
do the same materials which minister to the growth of the plant in its 
earlier stages, now pass upwards to the leaf and return again in the 
course of the circulation unchanged and unemployed, to be again re- 
jected at the roots? Does all this take place in the height of summer, 
while the plant is still rapidly increasing in size? ‘The opinion is nei- 
ther supported by facts nor consistent with analogy. 

But such an opinion,—however the words above quoted may mislead 
some,—is not intended to be advanced by Liebig; for, in the following 
page he says, that ‘* the power which roots possess of taking up nourish- 
ment does not cease so long as nutriment is present.” In summer, 
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therefore, as well as in spring or in autumn, the plant must be ever ab- 
sorbing nourishment by these roots, if the soil is capable of affording it— 
and thus, in the general vegetation of the globe, the increase of carbon 
in growing plants must, at every season of the year, be partly derived 
from the vegetable matter of the soil in which they grow. 


§2. Form in which carbon enters into the circulation of plants. 


Supposing it to be established that the whole of the carbon contained 
in plants has originally been derived from the air—we have only to in- 
quire in what state this element exists in the atmosphere, in order to 
salisfy ourselves as to the form of combination in which it is and has 
been received into the circulation of plants. In considering the consti- 
tution of the atmosphere in the preceding lecture, it was stated that car- 
bonic acid, a compound of carbon and oxygen, is always present in it— 
and that, though this gas is diffused through the air in comparatively 
small quantity only, yet it is everywhere to be detected,—while no 
other compound of carbon is to be found in it in any appreciable quanti- 
ty. We must conclude, therefore, that from this gaseous carbonic acid 
the whole of the carbon contained in plants has been primarily derived. 
This conclusion is confirmed by the observation so frequently made, 
that the leaves of plants in sunshine absorb carbonic acid, and that 
plants die in an atmosphere from which this gas is entirely excluded. 

But we have seen reason to believe that, under existing circumstan- 
ces, plants also extract a portion of the carbon they contain from the 
soil in which they grow. In what state or form of combination do the 
roots absorb carbon? 

The most abundant product of the decay of vegetable matter in the 
soil, is the same carbonic acid which plants inhale so largely from the 
atmosphere by their leaves. In a soil replete with vegetable matter, 
therefore, the roots are surrounded by an atmosphere more or less 
charged with carbonic acid. Hence if they are capable of inhaling 
gaseous substances, this gas will enter the roots in the aeriform state—if 
not, it must enter in solution in the water, which the roots drink in so 
largely, to supply the constant waste caused by the insensible perspira- 
tion of the leaves. 

During the early fermentation of artificial manures there is also de- 
veloped in the soil a variable proportion of light carburetted hydrogen 
(Lecture II., p. 49), which is supposed by some to enter occasionally 
into the roots. That it does enter, however, is doubtful,—and we are 
safe, [ think, in considering this compound not only as an uncertain 
source of the carbon of plants, but as one from which, in the most fa- 
vourable circumstances, they can derive only a small supply. 

Thus, fron: the earth as from the air, the most unfailing supply of food 
is the gaseous carbonic acid. 

But as the water passes through the soil it takes up inorganic substan- 
ces—potash, soda, lime, magnesia—and conveys them through the roots 
into the circulation of the plants. Canit refuse to take up and to perform 
a similar office to the soluble organic substances it meets with, as it sinks 
through the soil? Or do the spongioles of the roots keep a perpetual 
watch over the entering waters, to prevent the introduction of every so- 
luble form of carbon but that of carbonic acid? Or, supposing suck 
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substances introduced into the interior of the plant, are none of them 
digested there and converted to the general purposes of food? A state- 
ment of two or three facts will afford a satisfactory reply to these several 
questions. 

1°. When plants are made to grow in infusions of madder the radicle 
fibres are tinged of ared colour. 

2°. The flower of a white hyacinth becomes red after a few hours, 
when the earth in which it is planted is sprinkled with the juice of the 
phytolaca decandra (Biot). 

Therefore organic substances can enter into the roots, and thence into 
the circulation, of the plant. 

3°. The colour of the madder does not usually extend upwards to 
the leaves and flowers of the plant. 

The colour imparted to the flower of the white hyacinth disap- 
pears in the sunshine in the course of a few days. 

Organic colouring matters, therefore, undergo a chemical change either 
in Die, stem, in the leaf. or in the fiower—some sooner, some later—and 
the same is probably the case with most other organic substances which 
gain admission into the interior of plants. 

5°. Sir Humphry Davy introduced plants of mint into weak solutions 
of sugar, gum, jelly, the tanning principle, &c., and found that they 
grew ‘vigorously i in all of them. He then watered separate spots of grass 
with tine: same several solutions, and with common water, and found all 
to thrive more than that to which common water was applied—while 
those treated with sugar, gum, and gelatine grew luxuriantly.—[Davy’s 
Agricultural Chemistry, Lecture V1. ] 

“Nberefore different organic substances—being introduced into the cir- 
culation and there changed—are converted by plants into their own sub- 
stance, or act as food, and nourish the plant. 

We may consider it, therefore, to be satisfactonly established that, 
while a plant sucks in by its leaves and roots much carbon in the form of 
carbonic acid, it derives a variable portion of its immediate sustenance 
(of its carbon) from the soluble organic substances that are within reach 
of its roots. 

This fact is never doubted by the practical husbandman. It forms 
the basis of many of his daily and most important operations, while 
the results of these operations are further proofs of the fact. 

The nature of the soluble substances which are formed during the de- 
cay of animal and vegetable substances—and which the roots of plants 
are supposed to take up—will be considered in a subsequent lecture.* 


§ 3. Source of the hydrogen of plants. 


The source of the hydrogen of plants is less doubtful, and will re- 
quire less illustration, than the source of the carbon. This elementary 
substance is not known to exist in nature in an uncombined state, and, 
therefore, it must, like carbon, enter into plants in union with some other 
element. — 

1°. Water has been already shewn to consist of hydrogen in combina- 


* This part of the subject might have been discussed here without appearing out of place 
—but it will come in more appropriately, I think, when treating of the nature and mode of 
action of vegetable manures. 
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tion with oxygen. In the form of vapour, this compound pervades the 
atmosphere, and plays among the leaves of plants, while in the liquid 
state it is diffused through the soil, and is unceasingly drunk in by the 
roots of all living vegetables. In the interior of plants—at least during 
their growth—this water is continually undergoing decomposition, and 
it is unquestionably the chief source of the hydrogen which enters into 
the constitution of their several parts. In explaining the properties of 
water I have already dwelt upon the apparent facility with which its 
elements are capable either of separating from, or of re-uniting to, each 
other, in the vascular system of animals or of plants. The reason and 
precise results of these transformations we shall hereafter consider. 
2°. In light carburetted hydrogen (CH,), given off as already stated 
during the decay of vegetable matter, and said to be always present in 
highly manured soils, this element, hydrogen, exists to the amount of 
nearly one-fourth of its weight. On the extent, therefore, to which this 
gaseous compound gains admission into the roots of plants, will de- 
pend the supply of hydrogen which they are capable of drawing from 
this source. Had we satisfactory evidence of the actual absorption of 
this (marsh) gas by the roots or leaves of plants, in any quantity, we 
should have no difficulty imadmitting that plants might, from this source, 
easily obtain a considerable supply both of carbon and of hydrogen. It 
would be also easy to explain how (that is, by what chemical changes,) 
it is capable of being so appropriated. But the extent to which it really 
acts as food to living vegetables is entirely unknown. 
3°. Ammonia is another compound, containing much hydrogen, [its 
formula being NH,, or one equivalent of nitrogen and three of hydro- 
gen,] which, as [ have already stated, exercises a manifest influence on 
the growth of plants. If this substance enter into their circulation in 
any sensible quantity,—if, as some maintain, it be not only universally 
diffused throughout nature, but is constantly affecting, and influencing at 
all times, the universal functions of vegetation—there can be no doubt 
that the hydrogen it contains must, to an equal extent, be concerned in 
the production of the various organic substances which are formed or 
elaborated by the agency of vegetable life. How far this probable in- 
terference of the hydrogen of ammonia with the functions of the vegeta- 
ble organs, will tend to explain or illustrate the influence actually exert- 
ed by this compound, we shall, by and by, more accurately inquire. In 
the mean time, the quantity of ammonia, which actually enters into the 
circulation of plants in a state of nature, is too little known, and making 
the largest allowance, probably too minute, to permit us to consider it as 
an important source of hydrogen to the general vegetation of the globe. 
The soluble organic substances, which enter into the circulation 
of plants through the roots, as shewn in the preceding section, do not 
consist of carbon and water only, but of combinations of carbon with 
hydrogen and oxygen in various proportions. From these substances, 
therefore, plants derive an uncertain and indefinite supply of hydrogen 
in a state already half-organized. and probably still more easily assimi- 
lated or converted into portious of their own substance, than when this 
element is combined with oxygen in the form of water. 
We may, therefore, conclude generally in regard to the source of the 
hydrogen of plants—that though there me undoubtedly several other 
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forms of combination in which this element may enter into their circula- 
tion, in uncertain quantity—yet that all-pervading water is the main 
and constant source from which the hydrogen of vegetable substances is 
derived. 


§ 4. Source of the oxygen of plants. 


We can at once perceive, and without difficulty, the various sources 
of the oxygen of plants; though it is difficult in this case also to say 
how much they derive from each. 

1°. The water which they imbibe so largely consists in great part of 
oxygen, and is easily decomposed, [eight-ninths of the weight of water 
are oxygen.] This alone would yield an inexhaustible supply. 

2°. The atmosphere contains 21 per cent. of its bulk of oxygen, and 
the leaves of plants in certain circumstances are known to absorb this 
oxygen. The air in which they live, therefore, might be another 
source. 

3°. Carbonic acid contains 72 per cent. by weight of oxygen, and 
this gas is also known to be absorbed in large quantity from the atmos- 
phere by the leaves of plants—while its solution in water is admitted 
readily by the roots. 

From any one of these sources an ample supply of oxygen might 
readily be obtained, and it may be considered as a proof of the vast im- 
portance of this element to the maintenance of animal and vegetable 
life, that it is everywhere placed so abundantly within the reach of 
living beings. Itis from the first of these sources, however, from the 
water they contain, that plants are believed to derive their principal 
supply. The reasons on which this opinion is founded will appear 
when we shall have considered the functions of the several parts of 
plants, and the chemical changes to which the food is subjected in the 
course of the vegetable circulation. 


§ 5. Source of the nitrogen of plants. 


The quantity of nitrogen present in plants is very small, compared 
with that of any of the other elements which enter into their constitu- 
tion. Of this you will be reminded, by a reference to the analyses of 
hay, oats, and potatoes, exhibited in the second lecture (page 30), which 
shew that the nitrogen contained in these several crops, when perfectly 
dried at 240° F*., is respectively 14, 24, and 114 percent. In the state 
in which they are usually given to cattle they contain a still less per 
centage of nitrogen, in consequence of the quantity of water still present 
inthem. Thus raw potatoes as they are given to cattle contain only 1 
of a per cent. of nitrogen, hay 1} per cent., and oats 1,°,* per cent., ora 
hundred pounds of each contain 5 ounces, 1 pound 5 ounces, and 1 pound 
14 ounces respectively. 

It would appear at first sight as if this small quantity of nitrogen 
could be cr little importance to the plant, especially since, as we shall 
hereafter see, it does not enter as a constituent into those vegetable sub- 
stances, such as woody fibre, starch, sugar, and gum, which plants pro- 
duce in the greatest abundance, and of which their own stems and 


* 0:33, 1:29, and 1:87 per cent.—the potatoes containing also 72 per cent. of water. the hay 
14, and the oats 15 per cent. 
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branches chiefly consist. ‘The same remark, however, applies to this, 
as to many other cases which present themselves to the chemist, during 
his analyses, especially of organized substances,—that those elements 
which are present only in small quantity are as necessary—as essential 
—to the constitution of the particular substance in which they occur, as 
other elements are of which they contain much ; and that if these small 
quantities are removed or absent, not only are the physical and chemi- 
cal properties of the substance materially altered, but it is found also to 
exercise a very different influence on animal and vegetable life. This 
latter observation will present itselfto you in a very striking light, when 
we come hereafier to study the nutritive properties of the several kinds 
of food by which animals are chiefly supported,—and shall see on what 
elementary body their relative nutritive properties depend, or by the 
amount of which their relative value appears at least to be indicated. 

But a consideration of the absolute quantity of nitrogen contained in 
an entire crop will satisfy you that though small in comparative amount, 
{that is, compared with the carbon and oxygen which plants contain,] 
this element cannot be without its due share of importance in reference 
to vegetable life. Hay, as above stated, contains, as it is stacked, 1}* 
per cent. of nitrogen, or a ton of hay contains 30 Ibs. of this element. A 
good crop of hay, on land which is depastured during the winter, will 
amount to 2 or 2% tons¢ per acre. ‘Taking 2 tons as an average, the hay 
from one acre will contain 60 lbs. of nitrogen, or from 100 acres 6000 lbs., 
equal to 22 tons of nitrogen. 

Allowing, therefore, nothing for the aftermath, and supposing the 
other crops to contain no more nitrogen than the hay does, the farmer of 
five hundred acres will annually carry into his stack-yard at least 13 
tons of nitrogen in the form of hay, straw, grain, and other produce.{ 

Nature performs all her operations on a large scale, and the quantity 
of materials she employs are large in a corresponding degree. Hence, 
though comparatively small, the nitrogen in vegetable substances is ab- 
solutely large. You cannot suppose, when viewed in this light, that 
nitrogen is an element of little consequence in reference to vegetable 
life; or that in nature it should be so constantly and universally dif- 
fused without reference to some important end. If I may be alloweda 
familiar illustration of the mode in which small quantities of matter will 
affect the sensible properties of large masses, 1 would recall to your 
minds the effects of seasoning upon food, in imparting, when added in 
small quantity only, an agreeable relish to what would otherwise be 


* In different crops of hay Boussingault found in three several years the following pro- 
portions of nitrogen :— 


Hay, as commonly Hay dried at 
stacked. 280° F. 
in 1836 1:18 1-04 of nitrogen per cent. 
1838 1.3 1:15 ‘“ “ 
& 1839 15 1:3 if fe 
Aftermath 24 20 ue Ho 


t The Rev. Mr. Qgle, of Kirkley, Northumberland, informas me that some of his land 
near the Hall has yielded annually at this rate for 100 years, and without other manure than 
the droppings from the cattle which have fed upon it. 


t This average estimate gives but an inaccurate idea of the quantity actually contained 
in some species of crops. Thus red clover with the aid of gypsum will yield 3 tons of hay 
per acre. This hay certains more than twice the quantity of nitrogen (Boussingault) that 
common hay does, hence au aére of such hay would contain at Jeast 180 lbs, of nitrogen. 
(See Lecture If, p. 30.) 4 ing 
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insipid. But I need not dwell on this point, since I shall hereafter have 
occasion to draw your attention to certain facts in reference to the con- 
stitution of the atmosphere, which will satisfy you that, by the agency 
of comparatively feeble causes, gigantic effects are continually produced 
in nature,—and that we can scarcely fall into a graver error in reason- 
ing of natural processes, than by overlooking the agency of forms of mat- 
ter which present themselves to our senses in minute quantity ouly. In 
reference to insect life this truth has been long established. In the coral 
reefs you are familiar with the wonderful results of the persevering la- 
bour of minute animals in one element. When I come to explain the 
nature and origin of soils, I shall have occasion to show that even the 
element oa which you labour—the earth, on the cultivation of which 
your thoughts and hands are daily employed—is occasionally indebted 
for some of its most valuable properties to a similar agency, often un- 
seen by you, and though working for your good, unheeded and un- 
thought of. 

Whence, then, is this nitrogen derived by plants? The primary 
source it is not difficult to see. We can arrive at it by a train of reason- 
ing similar to that which led us to the atmosphere as the original source 
of the carbon of plants. Nitrogen does not constitute an ingredient of any 
of the solid rocks,* nor do we know any other source than the atmosphere 
from which it can be obtained in very large quantity. It exists, as we 
have seen, in many vegetables, and it is more largely present in animal 
substances, but these organized matters must themselves have drawn 
this element from a foreign source, and the atmosphere is the only one 
from which we can fairly assume it to have been originally derived. 

But though the nitrogen, like the carbon of plants, may thus be traced 
to the atmosphere—as its orginal source—it does not follow that this 
element is either absorbed directly from the air, or, in an uncombined 
and gaseous state. Though the leaves of trees and herbs are continually 
surrounded by nitrogen, the constitution of plants may be unfitted for 
absorbing it by their leaves. The nitrogen may not only require to be 
in a state of combination before it can enter into the circulation, but it 
may also be capable of gaining admission only by the roots. These 
points are considered in the following section. 


§ 6. Form in which the nitrogen enters into the circulation of plants. 


The question as to the form in which nitrogen enters into the circula- 
tion of plants is one which at the present moment engages much attention. 
It will be proper, therefore, to discuss it with considerable care. 

1°. It is considered an essential part of good tillage to break up and 
loosen the soil, in order that the air may have access to the dead vege- 
table matter, as well as to the living roots which descend to considerable 
depths beneath the surface. When thus admitted to the roots, it is im- 
possible that some of the nitrogen of the atmosphere, as well as some of 
its oxygen, may be directly absorbed and appropriated by the plant. 
To what extent this absorption of nitrogen may proceed, however. we 


* Except coal, and coal itself is of vegetable origin. Throughout all rocks in which or- 
ganic remains are found, more or less animal matter contajning nitrogen is to be met with, 
but these remains are only accidentally present, and they must have derived their nitrogen 
during life, either directly or indirectly, from the atmosphere. 


RAIN WATER DISSOLVES IT. 69 


have as yet no experimental results from which we can form any esti- 
mate. Whether it takes place at all or not, is wholly a matter of opinion. 

2°. The leaves of plants, as will be more fully ex plained hereafter, absorb 
certain gaseous substances from the atmosphere, and we might, therefore, 
expect that some of the nitrogen of the air would, by this channel, be 
admitted into their circulation. ‘This view, however, is not confirmed 
by any of the experiments hitherto made with the view of investigating 
the action and functions of the leaves.* We are not at liberty, there- 
fore, to assume that any of the nitrogen which plants contain has in this 
way been derived directly from the air. It may be the case; but it is 
not yet proved. 

3°. There is little doubt, however, that nitrogen enters the roots of 
plants in a state of solution. But the quantity they thus absorb is un- 
certain—it is supposed to be small, and must be variable. 

When water is exposed to the air in an open vessel it gradually ab- 
sorbs oxygen and nitrogen, though, as has been stated in a previous lec- 
ture, in proportions different from those in which they exist in the atmos- 
phere. Tbe whole quantity of the mixed gases thus taken up amounts 
to about 4 per cent. of the brik of the water (Humboldt and Gay-Lus- 
sac), and in rain water about 2 of the whole consist of nitrogen. One 
hundred cubie inches of rain water, therefore, will carry into the soil 
about 22 inches of nitrogen gas. But in passing through the soil, the 
water meets with other soluble substances before it reaches the roots, 
especially the deep-seated roots of plants. It takes up carbonic acid, 
and it dissolves solid substances, and in doing so it is a property of water 
to give off a portion of the other gases which it had previously absorbed 
from the air. 

But let us suppose that rain water actually takes to the roots, and car- 
ries with it into the circulation of the plant, 2 per cent. of its bulk of 
nitrogen, and let us calculate how much of the nitrogen it contains a 
crop of hay could in this way derive from the air. 

* See subsequent lecture “ On the structure and functions of the several parts of plants.” 

The experiments above referred to were made upon plants growing in close vessels, the 
air contained in which was measured and examined (analysed) both before the plants were 
introduced and after they had been some time in the vessel. In these experiments the 
bulk of the nitrogen present has sometimes been observed to increase, but never to dimin- 
ish, in quantity. The conclasion seems satisfactory, that no nitrogen is abstracted directly 
from the atmosphere by the leaves of plants. Yet Boussingault! very justly remarks, that 
a diminution in the bulk of the nitrogen too small to be detected in the ordinary mode of 
making these experiments, would be sufficient to account for a considerable portion of that 
comparatively small yuantity of nitrogen which is present invall living plants. While, there- 
fore, we accord their due weight to these researches of the vegetable physiologists, we are 
not to consider them as by any means decisive of the question. With this rational and cau- 
tious conclusion, Liebig is not satisfied; he says, “* We have not the slightest reason for be- 
lieving thal the nitrogen of the atmosphere takes part in the processes of assimilation of plants 
and animals; on the contrary, we know that many plants emit the nitrogen which is ab- 
sorbed by their roots either in the gaseous form or in solution in water.” (p. 70.) But if 
they occasionally expire nitrogen by their leaves, why must this nitrogen be exactly that 


portion which has previously been absorbed by the roots in the uacombined state, and the 
quantity of which is so uncertain and so indefiniig ? 


C Boussingault details a series of experiments in the course of which he made peas, tre- 
foil, wheat, and oats, grow in the same pure siliceous sand containing no organic matter, and 
watered them with the same distilled water. The absolute quantity of nitrogen increased 
sensibly in the peas and trefoil during their-growth; in the wheat and oats no change could 
be detected by analysis. From these results he is inclined to infer that the green leaves of 
the former have the power of sensibly absorbing nitrogen from the atmosphere, while those 
of the latter have not this power—at least under the circumstances in which the experi- 
ments were made. This conclusion, however, is not certain, as will presently be shewn,— 
See Ann. de Chim. et de Phys. |xvii. p. 1, and Ixix. p. 353.) 
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The quantity of rain that falls at York from the first of March to the 
middle of June—during which time the grass grows and generally ri- 
pens—is about five inches.* On a square foot, therefore, there fall 726 
cubic inches of water, containing 2 per cent. of their bulk, or 14 cubic 
inches of nitrogen, weighing 4} grains. This gives 28 Ibs. for the quan- 
tity of nitrogen thus brought to the soil over an entire acre. But if we 
consider how the rain falls in our climate, we cannot suppose the grass 
in a field to absorb by its roots, and afterwards perspire by its leaves, 
more than one-third of the whole. This quantity would carry with it 9 
Ibs. of nitrogen into the circulation of the plants—or little more than a 
seventh part of the 60 lbs. which, as we have seen, are taken off the 
field in a crop of hay. 

Such a calculation as this affords at the best but a very rude approxi- 
mation to the truth—it seems, however, to justify us in concluding that 
plants can derive from the air, and in an uncombined state, only a small 
portion of the nitrogen they are found to contain—and that they proba- 
bly draw a larger supply from certain compounds of this elementary sub- 
stance with hydrogen and oxygen—which are known to come within 
the reach of their roots and leaves. 

The most important of these compounds, and those perhaps the most 
extensively concerned in influencing vegetation, are ammonia and nitric 
acid, the properties of which have been described in the preceding 
lecture. 


§ 7. Absorption of ammonia by plants. 


That ammonia enters directly into the circulation of plants is ren- 
dered probable by a variety of considerations. 

1°. Thus it is found to be actually present in the juices of many 
plants. In that of the beet-root, and in those of the birch and maple 
trees, it is associated with cane sugar (Liebig.) Inthe leaves of the 
tobacco plant, and of scurvy grass, in elder flowers, and in many fungi, 
it is in combination with acid substances, and may be detected by 
mixing their juices with quick-lime.—[Schiibler Agrieultur Chemie, 
II., p. 56.] 

2°, Some plants actually perspire ammonia. Among these is the 
Chenopodium Olidum (stinking goosefoot), which is described by Sir 
William Hooker as ‘‘ giving out a most detestable odour, compared to 
putrid salt fish.”” In the odoriferous matter given off ammonia is con- 
tained, and may be detected by putting a glass shade over the plant, 
and after a time introducing a feather moistened with vinegar or dilute 
muriatic acid. —[Chevalier Jour. de Pharm. X., p. 100.] It is also pre- 
sent in the odoriferous exhalations of many sweet-smelling plants and 
flowers.—[Schiibler, I., p. 152.] 

3°. Nearly all vegetable substances, when distilled with water, yield 
an appreciable quantity of ammonia. Thus the leaves of hyssop, and 


* The result of experiments made in 1834 by Prof. Phillips and Mr. Edward Gray. The 
mean annual fall of rai at York is about 22 inches.—(See fifth Report of the British Associa- 
tion, p. 173.) 

t It will be recollected that ammonia consists of one equivalent of nitrogen (N) united to 
three of hydrogen (Hs), being represented by NH3; and that nitric acid consists of one of ni- 
trogen (N) and five of oxygen (O05), its formula being NO5,—See Lecture III., p34. 


AMMONIA OBTAINED FROM VEGETABLES. 71 


the flowers of the lime tree, yield distilled waters in which ammonia 
can be detected (Schiibler), the seeds of plants thus distilled yield it in 
abundance (Gay-Lussac), and traces of it may be found in most vege- 
table extracts (Liebig). 

4°, Ammonia is also given off, among other products, when wood is 
distilled in iron retorts for the manufacture of pyroligneous acid, and by 
a similar treatment it may be obtained from many other vegetable sub- 
stances. 

The above facts, however, are not to be considered as proofs that am- 
monia enters directly into the circulation of plants either by their roots 
or by theirleaves. That which is associated with sugar in the beet, may 
have been formed by the same converting power which, in the interior 
of the plant, has produced the sugar from carbonic acid and water. So, 
that exhaled by the leaves of the goosefoot, which grows in waste places, 
especially near the sea, may have been produced during the upward 
flow of the sap or during its passage over the leaf. And we know that 
the nitrogen does not exist in the state of ammonia in the seeds of plants, 
or in wood, or in coal—though from all of them it may be obtained by 
the processes above described. 

The production of ammonia, by the agency of a high temperature, 
may be illustrated by a very familiar experiment often performed, 
though for a very different purpose. The juice and dried leaf of tobac- 
co contain nitre (nitrate of potash) and a little ammonia. But when 
tobacco is burned, ammonia in sensible quantity is given off along with 
the smoke, chiefly in the state of carbonate of ammonia. This may be 
shown by bringing a lighted cigar near to reddened litmus paper, when 
the blue colour will be restored; or to a red rose, when the leaves will 
become green; or to a rod dipped in vinegar or in dilute muriatic acid, 
when a white cloud will appear.—[Runge, Eznleitung in die technische 
Chemie, p. 375.] 

In this case a portion of the ammonia given off by the tobacco has 
most probably been formed during the combustion, at the expense of the 
nitrogen contained in the nitrate of potash which is present in the leaf. 

5°. But there are other circumstances which are strongly in favour of 
the opinion, that ammonia not unfrequently does enter, as such, into the 
eirculation of plants. 

Thus it is proved, by long experience, that plants grow most rapidly 
and most luxuriantly when supplied with manure containing substances 
of animal origin. ‘These substances are usually applied to the roots or 
leaves in a state of fermentation or decay, during which they always 
evolve ammonia. Putrid urine and night-soil are rich in ammonia, 
and they are among the most efficacious of manures. This ammonia 
is supposed to enter into the circulation of plants along with the water 
absorbed by their roots, and sometimes even by the pores of their leaves. 
We can scarcely be said to have as yet obtained decisive proof that it 
does so enter, bat probabilities are strongly in favour of this supposition ; 
and when we come hereafter to consider minutely the mode in which it 
is likely to act, when within the plant, we shall find the probabilities 
derived from practical experience to be strengthened by the deductions 
of theory. 

But though the facts so long observed in reference to the actio:: .., an- 
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imal manures upon vegetation, justify us in believing that ammonia 
actually enters into the roots, and perhaps into the leaves, of plants—we 
ought not hastily to conclude that all the nitrogen which plants are ca- 
pable of deriving from decaying animal matter must enter into. their e1r- 
culation in the form of ammonia. Other soluble compounds containing 
nitrogen are formed during the decay of animal substances—they ac- 
tually exist largely in the liquid manures of the stable and fold-yard, 
and they can scarcely fail, when applied to the soil, to be to a certain 
extent absorbed by the roots of plants. This wrea is a substance con- 
taining much nitrogen, which exists in the urine or excrements of most 
animals, and by its decomposition produces carbonate of ammonia. 
But being very soluble, this substance may enter directly into the roots, 
and may be there decomposed, and made to give up its nitrogen to the 
living plant. To other compound substances of animal origin the same 
observation may apply,*—so that while the fact, that animal manure in 
a state of fermentation is very beneficial to vegetation, may be consi.l- 
ered as rendering it highly probable that the ammonia which such 
manure contains, enters directly and supplies much nitrogen to the 
growing plants, it must not be entirely left out of view that, in nature, a 
portion of the nitrogen, derived from animal substances, may be ob- 
tained immediately from other compounds in which ammonia does not 
exist. 

To what amount ammonia actually enters into the circulation of 
plants, or how much of the nitrogen they contain it actually supplies, 
we have no means of ascertaining. Were it abundantly present in the 
soil, its great solubility would enable it to enter, with the water absorbed 
by the roots, in almost unlimited quantity. In a subsequent section we 
shall consider the conditions under which ammonia is produced in nature, 
the comparative abundance in which it exists on the earth’s surface, 
and the extent of the influence it may be supposed to exercise on the 
general vegetation of the globe. 


§ 8. Absorption of nitric acid by plants. 


1°. That ammonia is actually present in the juices of many living 
vegetables has been adduced, as a kind of presumptive evidence, that 
this compound is directly absorbed by plants. A similar presumption 
is offered in favour of the direct entrance of nitric acid, by its invariable 
presence in combination with potash, soda, lime, or magnesia, in the 
juices of certain common and well known plants. Thus it is said to be 
always contained in the juices of the tobacco plant, of the sunflower, of 
the goosefoot,; and of common borage. The nettle is also said to con- 
tain it, and it las been detected in the grain of barley.t It exists pro- 
bably in the juices of many other plants in which it has not hitherto 


* Thus it may be applied more strongly to the hippuric acid, which exists in the urine of 
the horse, and other herbivorous animals. ‘Fhis acid decomposes naturally into denzoie 
acid andammonia. The sweet-scented vernal-grass (An‘thoxanthum Odoratum) by which 
hay is perfumed, owes its agreeable odour to the presence of this benzoic acid. It may, 
therefore, be supposed that, where cattle and horses graze, the grasses actually absorb the 
hippuric acid contained in the urine, which reaches their roots, decompose it as it ascends 
with the sap, appropriate its nitrogen, and exhale the odoriferous benzoic acid. 


1 Chenopodium, probably in all the species of this genus.—See Liebig, p. 82. 


¢ Grisenthwaite (New Theory of Agriculture, p. 105) says, it is always present in barley in 
the form of nitrate of soda.—-See Appendiz. 
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been sought for. Were we, therefore, entitled, from the mere presence 
of this acid in plants, to infer that it had really entered by their roots or 
leaves, we should have no hesitation in drawing our conclusion. But, 
like ammonia, it may have been formed in the interior of the living ve- 
getable ;* and hence the fact of its presence proves nothing in regard to 
the state in which the nitrogen it contains entered into the circulation of 
the plant. 

2°. But nitric acid, like ammonia, exerts a powerful influence on the 
growing crop, whether of corn or of grass. Animal matters, as we have 
seen, give off ammonia during their decay, and manures are rich and 
efficacious in proportion to the quantity of animal manure they contain. 
The crop produced also is valuable and rich in nitrogen in like propor- 
tion. Therefore, as already stated, it is inferred that ammonia enters 
directly into the living plant, and supplies it with nitrogen. 

The effect of nitric acid is similar in kind, and perhaps equal in de- 
gree. Applied to the young grass or sprouting shoots of grain, it has- 
tens and increases their growth, it occasions a larger produce of grain, 
and this grain, as when ammonia is employed, is richer in gluten, and 
more nutritious in its quality.| An equal breadth of the same field 
yields a heavier produce, and that produce, weight for weight, contains 
more when saltpetre or nitrate of soda have been applied in certain 
quantities to the young plants which grow upon it. It is reasonable to 
conclude, therefore, that the acid of the nitrates, in some form or other, 

* When the beet-root arrives at maturity, the swgar begins to diminish, and saltpetre or 


other nitrates to be formed, probably at the expense of the ammonia which the juice pre- 
viously contained.—Decroizelles, Jour. de Phar., X., p. 42. 


t The analogous effects of ammoniacal manures and of the nitrates on the relative quan- 
tities of gluten and starch in grain, are shown by the following experiments : 

Hermbstaedt sowed equal quantities of the same wheat, on equal plots of the same ground, 
and manured them with equal weights of different manures. Then from 100 parts of each 
sample of grain produced, he obtained starch and gluten in the following proportions : 


Gluten. Starch. Produce. 
Without manure - - - - - - 92 66°7 3 fold. 
With vegetable manure (rotted 
potatoe haulm) - - - - - - 96 65-94 Bee 
With cow dung - - - - - - 120 62:3 “es 
With pigeons’ dung - - - - - 122 63:2 et 
With horse dung - - - - - - 137 61°64 10 
With goats’ dung - - - - - - 329 42-4 yar se 
With sheep dung - - - - - - 329 428 12a 
With dried night-soil- - - - - 3314 41:44 14% 
With dried ox-blood - - - - - 3424 413 14a 
With dried human urine =) =) S051 39:3 ) ECs 


The manures employed by Hermbstaedt are swpposed, during termentation, to evolve 
more ammonia in the order in which they are here placed, beginning at the top of the list; 
while the amount and kind of the produce obtained by the use of each, afford the chief evi- 
dence in favour of the opinion that this ammonia actually enters into and yields nitrogen to 
the plant. 

Mr. Hyett found in flour raised on two patches of the same land in Gloucestershire, the 
one dressed with nitrate of soda, the other undressed, the following proportions : 


Ginten. Starch. 
In the nitrated - - - 23°25 49-5 
In the unnitrated - - 19° 55%) 


And Mr. Daubeny, [Three Lectures on Agriculture, p. 76,) in flour from wheat top-dressed 
with saltpetre, found— 

In the nitrated - - - - - I5percent. of gluten. 
In the unnitrated - hi eed <, 5 di: 

These differences are not so striking as in the case of ammonia, but they are precisely 
the same in kind, and lead to the same general conclusion in regard to the nature of the in- 
fluence of the nitrates on vegetation. Accurate and repeated experiments on the precise 
effects of the nitrates are still much fo be desired. 


[: Schiibler. Grundsiitze der Agricultur Chemie, Il. p. 170. 


Nata Bina PO 


74 GENERAL CONCLUSIONS. 


is capable of entering into the circulation of living plants—and of yield- 
ing to them, in whole or in part, the nitrogen they contain. 

But here, again, as in the case of ammonia, we are at fault in regara 
to the quantity of nitrogen which plants ina state of nature actually 
derive from nitric acid or the nitrates. 'The compounds of this acid with 
potash, soda, lime, and magnesia (the nitrates of these substances), are 
all very soluble in water. The quantity of this fluid, therefore, which 
enters by the roots of plants, could easily convey into their circulation 
far more of these nitrates than would be alone sufficient to supply the 
whole of the nitrogen they require—for the formation of all their parts 
and products. But so it might of ammonia or its salts, as has already 
been shown. [I shall hereafter lay before you certain considerations 
which may probably lead us to approximate conclusions in regard to 
the relative influence exercised by these two compounds on the general 
vegetation of the globe. 


Conclusions. —Respecting the form in which nitrogen enters into the 
circulation of plants, we have therefore, I think, fairly arrived at these 
deductions: 

1°. That the nitrogen of the atmosphere may, to a small extent, enter 
directly into the living vegetable either in the form of gas or in solution 
in water, but that supposing nitrogen to be in this way appropriated* by 
the plant, the quantity so taken up could form only a small quantity of 
that which vegetables actually contain. 

2°, That ammonia is capable of entering into plants in very large 
quantity, and of yielding nitrogen to them, and that in European agri- 
culture, which employs fermenting animal manure as an important 
means of promoting vegetable growth, it does appear to yield to cultiva- 
ted plants a considerable portion of the nitrogen they contain. 

3°. That nitric acid, in like manner, is capable of entering into and 
giving up its nitrogen to plants; and that where this acid is employed as 
an instrument of culture, the crops obtained owe part of their nitrogen 
to the quantity of this compound which has been applied to the grow- 
ing plants. ‘The same inference may fairly be drawn in regard to the 
effect of nitric acid—when, in the form of nitrates, it exists or is pro- 
duced naturally in the soil. 

4°, That other compound bodies, such as are contained in urine, or are 
produced during the decay of animal matter, may also enter into the 
circulation of plants, and yield nitrogen to promote their growth. 

On the whole, however, there seem strong reasons for believing that 
plants are mainly dependent on ammonia and nitric acid for the nitro- 
gen they contain; and that they obtain it most readily, and with least 
labour, so to speak, from these compounds,—though nature has _ kindly 
fitted them for deriving a stinted supply from other sources, when these 
substances are not present in sufficient abundance. 

How far each of these compounds is employed by nature, as an in- 
strument in promoting the general vegetation of the globe, will be con- 
sidered in a subsequent lecture. 

* Liebig and others say that plants are incapable of appropriating or assimilating the nitro 


gen which enters into their circulation in the simple state. We shall consider this ques- 
tion hereafter. 


LECTURE V. 


How does the food enter into the circulation of plants—Structure of the several parts of 
plants—Functions of the root—Course of the sap—Cause of its ascent—Functions of 
the stem—of the leaves—and of the bark—Circumstances by which the exercise of these 
functions is modified. 


Havine now taken a general view of the source from which plants 
derive the elementary substances of which their solid parts consist, and of 
the states of combination in which these elements enter into the vegeta- 
ble circulation,—the next step in our inquiry is—how are these substan- 
ces admitted into the interior of living plants—and under what condi- 
tions or regulations? We are thus led to study the structure and func- 
tions of the several parts of plants, and the circumstances by which the 
exercise of these functions is observed to be modified. 


§ 1. General structure of plants, and of their several parts. 


Plants consist essentially of three parts—the roots, the stem, and the 
leaves. The former spread themselves in various directions through 
the soil, as the latter do through the air, and the stem is dependent for its 
food and increase on the rapidity with which the roots shoot out and ex- 
tend, and on the number and luxuriance of the leaves. 

We shall obtain a clearer idea of the relative structure of these several 
parts by first directing our attention to that of the stem. 

The stem consists apparently of four parts—the pith, the wood, the 
bark, and the medullary rays. The pith and the medullary rays, how- 
ever, are similarly constituted, and are only prolongations of one and 
the same substance. The pith forms a solid cylinder of soft and spongy 
matter, which ascends through the central part of the stem, and varies 
in thickness with the species and with the age of the trunk or branch. 
The wood surrounds the pith in the form of a hollow cylinder, and is itself 
covered by another hollow cylinder of bark. In trees or branches of 
considerable age the wood consists of two parts, the oldest or heart wood, 
often of a brownish colour, and the newer external wood or alburnum, 
which is generally softer and less dense than the heart wood. The bark 
also is easily separated into two portions, the inner bark or liber, and 
the epidermis or outer covering of the tree. The pith and the bark are 
connected together by thin vertical columns or partitions, which inter- 
sect the wood and divide it into triangular segments. A cross section 
of the trunk or branch of a tree exhibits these thin columns extending 
in the form of rays, or like the spokes of a wheel, from the centre to 
the circumference. Though they form in reality thin and continuous 
vertical plates, yet from the appearance they present in the cross sec- 
tion of a piece of wood, they are distinguished by the name of medulla- 
ry rays. 

These several parts of the stem are composed of bundles of small 
tubes or hollow cylindrical vessels of various sizes, and of different 
kinds, the structure of which it is unnecessary for us to study. They 

4* 
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are all intended to contain liquid and gaseous substances, and to convey 
them in a vertieal, and sometimes in a horizontal, direction. The 
tubes which compose the wood and bark are arranged vertically, as may 
readily be seen on examining a piece of wood even with the naked eye, 
and are intended to convey the sap upwards to the leaves and down- 
wards to the roots. Those of which the pith and medullary plates con- 
sist are arranged horizontally, and appear to be intended*to maintain a 
lateral intercourse between the pith and the bark—perhaps even to place 
the heart of the tree within the influence of the external air. 

The root, though prior in its origin to the stem, may nevertheless for 
the purpose of illustration be considered as its downward and lateral 
prolongation into the earth—as the branches are its upward prolenga- 
tion into the air.* | When they leave the lower part of the trunk of the 
tree, they differ little in their internal structure from the stem itself. 
As they taper off, however, first the heart wood, then the pith, gradual- 
ly disappear, till, towards their extremities, they consist only of a soft 
central woody part and its covering of soft bark. These are connected 
with, or are respectively prolongations of, the new wood and bark of the 
trunk and branches. At the extreme points of the roots the bark be- 
conres white, soft, spongy, and fall of pores and vessels. It is by these 
spongy extremities only, or chiefly, that liquid and gaseous substanees 
are capable either of entering into, or of making their escape from, the 
interior of the root. 

The branches and twigs are extensions of the trunk; and of the 
former, the leaves may be considered as a still further extension. The 
fibres of the leaf are minute ramifications of the woody matter of the 
twigs, are connected through them with the wood of the branches and 
stems, and from this wood receive the sap which they contain. The 
green part of the leaf may be considered as a special expansion of the 
bark, by which it is fitted to act upon the air, in the same way as the 
spongy mass into which the bark is changed at the extremity of the root, 
is fitted to act upon the water and other substances it meets with in the 
soil. For as the fibres of the leaf are connected with the wood of the 
stem, so the green part of the leaf is connected with its bark, and from 
this green part the sap first begius to descend towards the root. 


§2. The functions of the root. 


The position in which the roots of plants in their natural state are ge- 
nerally placed, has hitherto prevented their functions from being so ae- 
curately investigated as those of the leaves and of the stem. While, 
therefore, the main purposes they are intended to serve are universally 


* The correctness of this comparison is proved by the fact that, in many trees, the branch 
if planted will become a root, and the root, if exposed to the air, will gradually be trans- 
formed into a branch. The banana in the forest, and the currant tree in our gardens, are 
familiar instances of trees spontaneously planting their branches, and causing them to per- 
form the functions of roots. In like manner, “ if the stem of a young plum or cherry-tree, 
or of a willow, be bent in the autumn so that one-half of the top can be laid in the earth and 
one-half of the root be at the same time taken carefully up—sheltered at first and after- 
wards gradually exposed to the cold—and ifin the following year the remaining part of the 
top and root be treated in the same way. the branches of the top will become roots. and the 
ramifications of the roots will become branches, producing leaves, flowers, and fruit in due 
season.—_[{Lonidon’s Encyclopadia of Agriculture.) The tree is thus reversed in position, 
and the roots and branches being thus niutually convertible cannot be materially unlike in 


general structure. 
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Known and understood, the precise way in which these ends are accom- 
plished by the roots, and the powers with which they are invested, are 
sull to a considerable degree matters of dispute. 

I. It appears certain that they are possessed of the power of absorb- 
ing water in large quantity from the soil, and of transmitting it upwards 
to the stem. The amount of water thus absorbed depends greatly upon 
the nature of the soil and of the climate in which a plant grows, but 
much also upon the specific structure of its leaves and the extent of its 
foliage. 

Il. The analogy of the leaves and young twigs would lead us to 
suppose that, when in a proper state of moisture, the roots should 
also be capable of absorbing gaseous substances from the air which 
pervades the soil. Experiment, however, has not yet shown this to be 
the case. 

We know, however, that they are capable of absorbing gases through 
the medium of water. For if the roots of a plant are placed in water 
containing carbonic acid in the state of solution, this gas is found gradu- 
ally to disappear. It is extracted from the water by the roots. And if 
the water in which the roots are immersed be contained in a bottle only 
partially filled with the liquid, while the remainder is occupied by at- 
mospheric air, the oxygen in this air will also slowly diminish. It will 
be absorbed by the roots through the medium of the water.* 

Again, if in the place of the atmospheric air in this bottle, carbonic 
acid be substituted, the plant will droop and ina few days will die. The 
same will take place, if instead of common air or carbonic acid. nitro- 
gen or hydrogen gases be introduced into the bottle. The plant will not 
live when its roots are exposed to the sole action of any of the three. 

It is obvious, therefore, that the roots of plants absorb gaseous sub- 
stances from the air which surrounds their roots, at least indirectly and 
through the medium of water. It appears also that from this air they 
have the power of selecting a certain portion of oxygen when this gas is 
present init. Thirdly, that though they can absorb carbonic acid to a 
limited amount without injury to the plant, yet that a copious supply of 
this gas, unmixed with oxygen, is fatal to vegetable life. This deduction 
is confirmed by the fact that, in localities where carbonic acid ascends 
through fissures in the subjacent rocks and saturates the soil, the growth 
of grass is found to be very much retarded. And, lastly, since nitrogen 
is believed not to be in itself noxious to vegetable life, the death of the 
plant in water surrounded by this gas, is supposed to imply that the pre- 
sence of oxygen is necessary about the roots of a growing and healthy 
plant, and that one of the special functions of the roots is constantly to 
absorb this oxygen. 

This supposition is in accordance with the fact that, in the dark, the 
leaves of plants absorb oxygen from the atmosphere; for we have al- 
ready seen reason to expect that, from their analogous structure, the roots 
and leaves in similar circumstances should perform also analogous fune- 
tions. Atthe same time, if the roots do require the access and presence 


* It will be recollected that water absorbs about 4 per cent. of its bulk of air from the at- 
mosphere, of which about one-third is oxygen. If the roots extract this oxygen from the 
water, the latter will again drink in a fresh portion from the atmospheric air which floats 
above it. 
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of oxygen in the soil, it would further appear that those of some plants 
require it more than those of others; inasmuch as some genera, like the 
grasses, love an open and friable soil, into which the air is more com- 
pletely excluded.—[Sprengel, Chemie, II., p. 337.] 

Ill. We have ip a former lecture (IV. p. 64) concluded from facts 
there stated, that solid substances, which are soluble in water, accom- 
pany this liquid when it enters into the circulation of the plant. This 
appears to be true both of organic and inorganic substances. Potash, 
soda, lime, and magnesia thus find their way into the interior of plants, 
as well as those substances of animal and vegetable origin to which the 
observations made in the fourth lecture were intended more especially to 
apply. Even silica,* considered to be almost insoluble in water, enters 
by the roots, and is found in some cases in considerable quantities in the 
stem. Some persons have hence been led to conclude that solid sub- 
stances, undissolved, if in a minute state of division, may be drawn into 
the pores of the root and may then be carried by the sap upwards to the 
stem. 

Considered as a mere question of vegetable mechanics, argued assuch 
among physiologists, it is of little moment whether we adopt or reject 
this opinion. One physiologist may state that the pores by which the 
food enters into the roots are so minute as to baffle the powers of the best 
constructed microscope, and, therefore, that to no partieles of solid mat- 
ter can they by possibility give admission—while another may believe 
solid matter to be capable of a mechanical division so minute as to pass 
through the pores of the finest membrane. As to the mere fact itself, it 
matters not which is right, or which of the two we follow. The adoption 
of the latter opinion implies in itself merely that foreign substances, 
unnecessary, perhaps injurious to vegetable life, may be carried forward 
by the flowing juices until in some still part of the current, or in some 
narrower vessel, they are arrested and there permanently lodged in the 
solid substance of the plant. 

By inference, however, the adoption of this opinion implies also, that 
the inorganic substances found in plants,—those which remain in the 
form of ash when the plant is burned,—are accidental only, not essential 
to its constitution. For since they may have been introduced in a mere 
state of minute mechanical division suspended in the sap, they ought to 
consist of such substances chiefly as the svil contains in the greatest 
abundance, and they ought to vary in kind and relative quantity with 
every variation in thesoil. In a clay land the ash should consist chiefly 
of alumina,f in a sandy soil chiefly of silica. But if, as chemical in- 
quiry appears to indicate, the nature of the ash is not accidental, but es- 
sential, and in some degree constant, even in very different soils, this 
latter inference is inadmissible ;---and in reasoning backwards from this 
fact, we find ourselves constrained to reject the opinion that substances 
are capable of entering into the roots of plants in a solid state—and this 
without reference at all to the mechanical question, asto the relative size 
of the pores of the spongy roots or of the particles into which solid mat- 
ter may be divided. 


* Silica is the name given by chemists to the pure matter of flint or of rock crystal. Sand 
and sandstones consist almost entirely of s‘lica. 


t Alumina is the pure earth of clay. 
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IV. Weare thus brought to the consideration of the alleged selecting 
power of the roots, which, if rightly attributed to them, must be con- 
sidered as one of the most important functions of which they are pos- 
sessed. It is a function, however, the existence of which is disputed by 
many eminent physiologists. But as the adoption or rejection of it will 
materially influence our reasonings, as well as our theoretical views, ir 
regard to some of the most vital processes of vegetation,—it will be pro- 
per to weigh carefully the evidence on which this power is assigned te 
the roots of plants. 

1°. The leaves, as we shall hereafter see, possess in a high degree 
the power of selecting from the atmosphere one or more gaseous sub- 
stances, leaving the nitrogen, chiefly, unchanged in bulk. The absorp 
tion of carbonic acid and the diminution of the oxygen in the experi 
ments above described, appear to be analogous effects, and would seem 
to imply in the roots the existence of a similar power. 

2°. Dr. Daubeny found that pelargoniums, barley (hordeum vulgare), 
and the winged pea (lotus tetragonolobus), though made to grow in a 
soil containing much strontia,* appeared to absorb none of this earth, for 
none was found in the ash left by the stem and roots of the plant wher 
burned. In like manner De Saussure observed that polygonum persi- 
caria refused to absorb acetate of lime from the soil, though it freely took 
up common salt.—[Lindley’s Theory of Horticulture, p. 19.] 

3°. Plants of different species, growing in the same soil, leave, when 
burned, an ash which in every case contains either different substances, 
or the same substances in unlike proportions. Thus if a bean and a 
grain of wheat be grown side by side, the stem of the plant from the lat- 
ter seed will be found to contain silica, from the former none.+ 

4°. But the same plant grown in soils unlike in character and com- 
position, contains always—if they are present in the soil at all—very 
nearly the same kind{ of earthy matters in nearly the same proportion. 
Thus the stalks of corn plants, of the grasses, of the bamboo, and of many 
others, always contain silica, in whatever soil they grow, or at least are 
capable of growing with any degree of luxuriance. 

With the view of testing this point, Lampadius prepared five square 
patches of ground, manured them with equal quantities of a mixture of 
horse and cow dung, sowed them with equal measures of the same 
wheat, and on four of these patches strewed respectively five pounds of 
finely powdered quartz (siliceous sand), of chalk, of alumina, and of 
carbonate of magnesia, and left one undressed. The produce of seed 
from each, in the above order, weighed 244, 284, 264, 214, and 20 ounces 
respectively. The grain, chaff, and straw, from each of the patches 
left nearly the same quantity of ash—the weights varying only from 3°7 
to 4:08 per cent., and the roots and chaff being richest in inorganic mat- 
ter. The relative proportions of silica, alumina, lime, and magnesia, 

* Watered with a solution of nitrate of strontia. Strontia is an earthy substance resem 


bling lime, which is found in certain rocks and mineral veins, but which has not hitherto been 
observed in the ashes of plants. 

+ It is not strictly correct that the bean will absorb 7o silica, but the quantity it will take up 
will be only one-thirteenth of that taken up by the wheat plant—the per centage of silica in 
the ash of bean straw being, according to Sprengei, only 0°22, while in wheat straw it is 2:87 
percent. Pea straw contains four times as much as that of the bean, or 0°996 per cent. 

t For more precise information on this point, see the subsequent lectures, “ On the inor- 
ganic constituents of plants,” (Part II.) 
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were the same in all.—[Meyen Jahresbericht, 1839, p.1.] Provided, 
therefore, the substances which plants prefer be present in the soil, the 
kind of inorganic matter they take up, or of ash they leave, is not mate- 
rially affected by the presence of other substances, even in somewhat 
larger quantity. 

These facts all point to the same conclusion, that the roots have the 
power of selecting from the soil in which they grow, those substances 

which are best fitted to promote the growth or to maintain the healthy 
Sue of the plants they are destined to feed. 

. It has been stated above that the roots of certain plants refuse to 
aa nitrate of strontia and acetate of lime, though presented to them 
in a state of solution—the same is true of certain coloured solutions which 
have been found incapable of finding their way into the circulation of 
plants whose roots have been immersed in them. On the other hand, 
it is a matter of frequent observation that the roots absorb solutions con- 
taining substances which speedily cause the death of the plant. Arsenic, 
opium, salts of iron, of lead, and of copper, and many other substances, 
are capable of being absorbed in quantities which prove injurious to the 
living vegetable—and on this ground chiefly many physiologists refuse to 
acknowledge that the roots of plants are by nature endowed with any 
definite and constant power of selection at all. But this argument is of 
equal force against the possession of such a power by animals or even by 
man himself; since, with our more perfect discriminating powers, aided 
by our reason too, we every day swallow with our food what is more or 
less injurious, and occasionally even fatal, to human life.* 

On the whole, therefore, it appears most reasonable to conclude that 
the roots are so constituted as (1°) to be able generally to select from the 
soil, 7n preference, those substances which are most suitable to the nature 
of the plant—(2°) where these are not to be met with, to admit certain 
others in their steadf—(3°) to refuse admission also to certain substan- 
ces likely to injure the plant, though unable to discriminate and reject 
every thing hurtful or unbeneficial which may be presented to them in 
a state of solution. 

The object of nature, indeed, seems to be to guard the plant against 
the more common and usual dangers only—not against such as rarely 
present themselves in the situations in which it is destined to grow, or 
against substances which are unlikely even to demand admission into its 
roots. How useless a waste of skill, if I may so speak, would it have 
been to endow the roots of each plant with the power of distinguishing 
and rejecting opium and arsenic and the thousand other poisonous sub- 
stances which the physiologist can present to them, but which in a state 
of nature—on its natural soil and in its natural climate—the living vege- 
table is never destined to encounter ! 


* I may here remark that itisby no means an extraordinary power which these circum- 
stances seem to show the roots of plants to possess. In the presence of oxygen, nitrogen, 
and carbonic acid, in equal quantities, water will prefer and will select the latter. From a 
mixture of lime and magnesia, acetic or sulphuric acid will select and separate the former. 
Is it unreasonable to suppose the roots of plants—the organs ofa living being—to be endowed 
with powers of discrimination at least as great as those possessed by dead matter? 

t This conclusion is not strictly contained in the premises above stated, but the facts from 
which it is drawn will be fully explained in treating of the inorganic constituents of plants. 
Tt is introduced here for the purpose of giving a complete view of what appears to be the 
true powers of discrimination possessed by the root. 
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; 


V. Another function of the roots of plants, in regard to which physiol- 
ogists are divided in opinion at the present day, is what is called their 
excretory powcr. 

1°. When barley or other grain is caused to germinate in pure chalk, 
acetate of lime* is uniformly found to be mixed with it after the germi- 
nation is somewhat advanced (Becquerel and Mateucci, Ann. de Chem. 
et de Phys.,\v., p- 310.) Inthis case the acetic acid must have been given 
off (excreted) by the young roots during the germination of the seed. 

This fact may be considered as the foundation of the excretory theory 
as it is called. This theory, supported by the high authority of Decan- 
dolle, and illustrated by the apparently convincing experiments of Ma- 
caire, (Ann. de Chim. et de Phys., lii., p. 225,) has more recently been met 
by counter-experiments of Braconnot, (Ixxii. p. 27,) and is now in a great 
measure rejected by many eminent vegetable physiologists. 1t may in- 
deed be considered as quite certain that the application of this theory by 
Decandolle and others to the explanation of the benefits arising from a 
rotation of crops, is not confirmed, or proved to be correct, by any exper- 
iments on the subject that have hitherto been published.t 

According to Decandolle, plants, like animals, have the power of se- 
lecting from their food, as it passes through their vascular system, such 
portions as are likely to nourish them, and of rejecting, by their roots, 


* Acetate oflime isa combination ofacetic acid or vinegar with lime derived from the chalk. 


t The discordant results of Macaire and Braconnot were as {follow : 

1°. Macaire observed that when plants of Chondrilla Muralis were grown in rain water 
they imparted to it something of the smell and taste of opium. Braconnot confirmed this, 
but attributed it to wounds in the roots which allowed the proper juice of the plant to escape. 
He says it is almost impossible to free the young roots from the soil in which they have grown, 
without injuring them and causing the sap to exude. 

2°. Euphorbia Peplus (Petty Spurge) imparted to the water in which it grew a gummi- 
resinous substance of avery acrid taste. In the hands of Braconnot it yielded to the water 
scarcely any organic matter, and that only slightly bitterish. 

3°. Braconnot washed the soil in which plants of Luphorbia Breoni and Asclepias Incar- 
nata were growing in pots, and obtained a solution containing earthy and alkaline salts with 
only a trace of organic matter. 

He also washed the soil in which the Poppy (Papaver Sommniferuwm) had been grown ten 
years successively. The solution, besides inorganic earthy and alkaline salts, gave a consid- 
erable quantity of acetic acid (inthe form of acetate of lime) and a trace of brown organic 
matter. He infers that these several plants do not excrete any organic matter in sufficient 
quantily (o be injurious to themselves. 

4°. Macaire observed that when separate portions of the roots of the same plant of Mercu- 
ria@lis Annua were immersed in separate vessels, the one containing pure water and the 
other a solution of acetate of lead,—the solution of lead was absorbed by the plant,—was to 
be traced in every part of it, and aflerwards was partially transmitted to the pare water. Bra- 
connot observed the same results, but he found the entrance of the lead into the second vessel 
to be owing to the ascent of the fuid up the outer surface of the one root and down the exterior 
of the other, and that, by preveuting the possibility of this passage, no lead could be detected 
among the pure water. 

Tie conclusions of Macaice, therefore, in favour of the rotation theory of Decandolle 
must be considered as at present inadmissible, and we shall hereafter see reason (o coin- 
cide, at least to a certain extent,in the conclusion of Beaconnot, ‘that if these excretions 
(of organic matter) really take place in the uatural state of the plant, they are as yet so ob- 
scure and so little known as to justify the presumption that some other explanation must 
be given of the general system of rotation.” Various illustrations have been given by differ- 
ent observers of this supposed excreting power of the roots. Among the most recent are 
those of Nietner, who ascribes the luxuriant rye crops obtained without manure after three 
years of clover, to the excretions of this plant in the soil, which, like those of the pea and 
bean to the wheat, he, supposes ‘o be nourishing food to the rye. He also states that the 
bect or the turnip after tobacco has an unpleasant taste, and is scarcely eatable, which he 
altributes to the excretions of the tobacco plant. Meyen ascribes the effect of the clover to 
the green manure supplied by its roots and stubble and that of the tobacco to the undecom- 
pused organic substances contained in the sap and substance of the roots and stems of this 
plant, of which so large a quantity is left behind in the field.—{Meyen’s Jahresbericht, 1839, 
p. 5.]—These objections of Meyenare not without their weight, but we shall hereafter see 
that they embody only half the truth. 
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when the sap descends, such as are unfit to contribute to their support, 
or would be hurtful to them if not rejected from their system. He further 
supposes that, after a time, the soil in which a certain kind of plant 
grows becomes so loaded with this rejected matter, that the same plant 
refuses any longer to flourish in it. And, thirdly, that though injurious 
to the plant from which it has been derived, this rejected matter may be 
wholesome food to plants of a different order, and hence the advantage to 
be derived from a rotation of crops. 

There seems no goad reason to doubt that the roots of plants do at 
times—it may be constantly—reject organic substances from their roots. 
The acetic acid given off during germination, and the same acid found 
by Braconnot in remarkable quantity in the soil in which the poppy 
(papaver somniferum) has grown—may be regarded as sufficient evi- 
dence of the fact—but the quantity of such organic matter hitherto de- 
tected among what may be safely viewed as the real excretions of plants, 
seems by far too small to account for the remarkable natural results at- 
tendant upon a rotation of crops. 

The consideration of these results, as well as of the general theory of 
such a rotation, will form a distinct topic of consideration in a subsequent 
part of these lec:ures. I shall, therefore, only mention one or two facts 
which seem to me capable of explanation only on the supposition that 
the roots of plants are endowed with the power of rejecting, and that 
they do constantly reject, when the sap returns from the leaf, some of 
the substances which they had previously taken up from the soil. 

1°. De Saussure made numerous experiments on the quantity of ash 
pe cent. left by the same plant at different periods of its growth. Among 
other results obtained by him, it appeared— 

A. That the quantity of incombustible or inorganic matter in the dif- 
ferent parts of the plant was different at different periods of the year. 
Thus the dry leaves of the horse chestnut, gathered in May, left 7-2 per 
cent., towards the end of July 8-4 per cent., and in the end of Septem- 
ber 8-6 per cent. of ash; the dry leaves of the hazel in June left 6-2, 
and in September 7 per cent.; and those of the poplar (populus nigra) 
in May 6:6, and in September 9°3 per cent. of ash. These results are 
easily explained on the supposition that the roots continued to absorb 
and send up to the leaves during the whole summer the saline and 
earthy substances of which the ash consisted. But— 

B. He observed also that the quantity of the inorganic substances in 
—or the ash left by—the entire plant, diminished as it approached to 
maturity. Thus the dry plants of the vetch, of the golden rod (solida- 
go vulgaris), of the turnsol (helzanthus annuus), and of wheat, left res- 
pectively of ash, at three different periods of their growth, [Davy’s 
Agricultural Chemistry, Lecture III,]— 


Before flowering. In flower Seeds ripe. 

per cent. per cent. per cent. 
WiGlehip <i share 12-2 6-6 
Golden*rod <a! t97 + 9-2 57 5:0 
nnSOl esau 7 13-7 9:3 
Wiheativl sieke Gea 0'729 5-4 3:3 


This diminution in the proportion of ash, might arise either from an 
increase in the absolute quantity of vegetable matter in the plants ac- 
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companying their increase in size—or from a portion of the saline and 
earthy matters they contained being again rejected by the roots. But 
if the former be the true explanation, the relative proportions of the 
several substances of which the ash itself consisted, in the several] cases, 
should have been the same at the several periods when the experiments 
were made. But this was by no means the case. Thus, to refer only 
to the quantity of silica contained in the ash left by each of the above 
plants at the several stages of their growth, the ashes of the 


Before flowering. In flower. Seeds ripe. 
per cent. per cent. per cent. 
Vetch contained . . . 155 15 1°75 
Gotdensrod: 3)! oe. Ries 15 3:5 
“BoRHSol ARUN 4 ae et ob ate 15 375 
WV THE TL PP TOME SO RINE tO ORS 26:0 51:0 


If, then, the proportion of silica in the ash increased in some cases 
four-fold, while the whole quantity of ash left by the plant decreased, it 
appears evident that some part of that which existed in the plant during 
the earlier periods of its growth must have been excteted or rejected by 
the roots, as it advanced towards maturity. 

2°. This conclusion is confirmed and carried farther by another con- 
sideration. ‘The quantity of ash left by the ripe wheat plant, in the 
above experiments of De Saussure, amounted to 3:3 per cent. ;—of 
which ash, 51 per cent., or rather more than one-half, was silica. This 
silica, it is believed, could only have entered into the circulation of the 
plant in a state of solution in water, and could only be dissolved by the 
agency of potash or soda. But, according to Sprengel, the potash, soda, 
and silica, are to each other in the grain and straw of wheat, in the pro- 
portions of— 


Potash. Soda. Silica. 
Gre ai Tepiesiens (em anrO4225 0:24 0:4 
Straw csi) te oayerni020 0:29 2°87 


Or, supposing the grain to equal one-half the weight of the straw— 
their relative proportions in the whole plant will be nearly as 21 potash, 
27 soda, 205 silica, or the weight of the silica is upwards of four times 
the weights of the potash and soda taken together. 

Now silica requires nearly half its weight of potash to render it solu- 
ble in water,* or three-fifths of its weight of a mixture of nearly equal 
parts of potash and soda. The quantity of these alkaline substances 
found in the plant, therefore, is by no means sufficient to have dissolved 
aud brought into its circulation the whole of the silica it contains. One 
of two things, therefore, must have taken place. Either a portion of 
the potash and soda present in the plant in the earlier stages of its 
growth must have escaped from its roots at a later stage,+ leaving the 
silica behind it—or the same quantity of alkali must have circulated 
through the plant several times—bringing in its burden of silica, deposit- 


* A soluble glass may be made by melting together in a crucible for six hours 10 parts of 
carbonate of potash, 15 of silica, and 1 of charcoal powder. 


+ De Saussure does not state the exact relative quantities of potash and soda at the several 
periods of the growth of wheat, though they appear to have gradvally diminished. It 
seems, indeed, to be true of many plants, that the potash and soda they contain diminishes 
‘n quantity as their age increases. Thus the weight of potash in the juice of the ripe or 
tweet grape, is said fo be less than in the unripe or sour grape—and the leaves of the potato 
have been found more rich in potash before than after blossoming (Liebig). 
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ing it in the vascular system of the plant, and again returning to the 
soil for a fresh supply. In either case the roots ‘must have allowed it 
egress as well as ingress. But the fact, that the proporéion of silica in 
the plant goes on increasing as it continues to grow, is in favour of the 
latter view—and renders it very probable that the same quantity of al- 
kali returns again and again into the circulation, bringing with it sup- 
plies of silica and probably of other substances which the plant requires 
from the soil. And while this view appears to be the more probable, it 
also presents an interesting illustration of what may probably be the 
kind of function discharged by the potash and other inorganic substances 
found in the substance of plants—a question we shall hereafter have oc- 
casion to consider at some length. 

The above considerations, therefore, to which I might add others of a 
similar kind, satisfy me that the roots of plants do possess the power of 
excreting various substances which are held in soluuon by the sap on its 
return from the stem—and which having performed their functions in 
the interior of the plant are no longer fitted, in their existing condition, 
to minister to its sustenance or growth. Nor is it likely that this excre- 
tory parce is restricted solely to the emission of i inorganic substances. 
Other soluble matters of erganic origin are, no doubt, permitted to es- 
cape into the soil—though whether of such a kind as must necessarily 
be injurious to the plant from which they have been extruded, or to suck 
a degree as alone to render a rotation of crops necessary, neither reason- 
ing nor experiment has hitherto satisfactorily shown. 

VI. The roots have the power of absorbing, and in some measure of 
selecting, food from the soil—can they also modify or alter it as it passes 
through them? A colourless sap is observed to ascend through the 
roots. From the very extremity up to the foot of the stem a cross sec- 
tion exhibits little trace of colouring matter, even when the soil contains 
animal and vegetable substances which are soluble, and which give dark 
coloured solutions, [such as the liquid manure of the fold-yard.] Does 
such matter never enter the root? If it does, it must be speedily changed 
or transformed into new compounds. 

We have as yet too few experiments upon this subject to enable us to 
decide with any degree of certainty in regard to this function of the root. 

It is probable, however, that as the sap passes through the plant, it is 
constantly, though gradually, undergoing a series of changes, from the 
time when it first enters the root till it again reaches it on its return from 
the leaf. 

Can we conceive the existence of any powers in the root, or in the 
whole plant, of a still more refined kind? The germinating seed gives 
off acetic acid into the soil,—does this acetic acid dissolve lime from the 
soil and return with it again, as some suppose (Liebig), into the circula- 
tion of the plant?* Is acetic acid produced and excreted by the seed 
for this very refined purpose? We have concluded that in the wheat 
plant the potash and soda probably go and come several times during its 
growth, and the ripening of its seed. Is this a contrivance of nature to 


* Braconnot found acetate of lime in very small quantities to be singularly hurtful to vege- 
tation, and acetate of magnesia a little lessso. He only mentions, however, some experi- 
ments upon mercurialis annua, [Ann. de Chim. et de Phys. \xxii. p. 36,] and as Saussure 
found that some plants actually refused to take it up at all, these acetates may not be equally 
injurious to all plants. 
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make up for the scarcity of alkaline substances in the soil—or would the 
samie mode of operation be employed if potash and soda were present 
in greater abundance? Or where the alkalies are present in greater 
abundance, might not more work be done by them in the same 
time,—might not the plant be built up the faster and the larger, when 
there were more hands, so to speak, to do the work? Is the action of 
inorganic substances upon vegetation to be explained by the existence 
of a power resident in the roots or other parts of plants, by which such 
operations as this are directed or superintended? ‘There are many 
mysteries connected with the nature and phenomena of vegetable life, 
which we have been unable as yet to induce nature to reveal to us.* 
But the morning light is already kindling on the tops of the mountains, 
and we may hopethat the deepest vallies will not forever remain obscure. 


§ 3. Lhe course of the sap. 


If the trunk of a tree be cut off above the roots, and the lower extrem- 
ity be immediately plunged into a solution of madder or other colorring 
substances, the coloured liquid wilf ascend and will gradually tinge the 
wood. This ascent will continue till the colour can also be observed 
in the nerves of the leaf. Imfat this stage in the experiment the trunk 
be cut across at various heights, the wood alone will appear coloured, 
the bark remaining entirely untinged. But if the process be allowed 
still to continue when the coloured matter has reached the leaf, and after 
some further time the stein be cut across, the bark also will appear dyed, 
and the tinge will be perceptible further and further from the leaf the 
longer the experiment is carried on, til! at length both bark and wood 
will be coloured to the very bottom of the stem. 

Or if the root of a living plant, as in the experiment of Macaire de- 
tailed in a preceding note, be immersed ina metallic solution—such 
as a solution of acetate of lead,—which it is capable of absorbing with- 
out immediate injury, and different portions of the plant be examined 
after the lapse of different periods of time,—first the stem, afterwards 
the leaves, then the bark of the upper part of the stem, and lastly that 
of the lower part of the stem, will exhibit traces of lead. 

These experiments show that the sap which enters by the roots as- 
cends through the vessels of the wood, diffuses itself over the surface 
of leaves, and then descends by the bark to the extremities of tlie root. 

But what becomes of the sap when it reaches the root? Is it deliver- 
ed into the soil, or does it reeommence the same course, and again, Te- 
peatedly perhaps, circulate through the stem, leaves, and bark? This 
question has been partly answered by what has been stated in the pre- 
ceding section. When the sap reaches the extremity of the root, it ap- 
pears to give off to the soil both solid and fluid substances of a kind and 

* The roots of trees will travel to comparatively great distances, and in various directions, 
in search of water: the roots of sainfoin(Esparsetle) will penetrate 10 or 12 feet through the 
calcareous rubbly subsoil, or down the fissures of limestone rocks on which they delight to 
grow. Is this the result of some perceptive power in the plant—or is it merely by accident 
that the roots display these tendencies? 

‘Those who are in any degree acquainted with the speculations of the German physiolo- 
gists of the greatest name—in regard to the sowl and even the immortality of plants—will not 
accuse me of going very far in alluding to the possible existence of some such perceptive 
power in plants. Von Martins gets rid of objectors by speaking of them as “‘ scientific men 


to whom ihe power of comprehending the transcendental has. been imparted in a lower degree.” 
See Meyen’s Jahresbericht, 1839, or Silliman’s Jeurnal for January, 1841, p. 170. 
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to an amount which probably differ with every species of plant. The 
remainder of the sap and of the substances it holds in soluuion must be 
diffused through the cellular spongy terminations of the roots, and, with 
the new supply of liquid imbibed from the soil, returned again to the 
stem with the ascending current. 

But what causes the sap thus to ascend and descend? By what 
power is it first sucked up through the roots, and afterwards forced down 
again from the leaves? Several answers have been given to this ques- 
tion. 

1°. When the end of a wide tube, either of metal or of glass, is 
plunged into water, the liquid will rise within the tube sensibly to the 
same level as that at which it stands in the vessel. But if a capillary* 
tube be employed iustead of one with a wide bore, the liquid will rise, 
and will permanently remain at a considerably higher level within than 
without the tube. The cause of this rise has been ascribed to an attrac- 
tion which the sides of the tube have for the liquid, and which is suffi- 
ciently strong to raise it and to keep it up above the proper level of the 
water. The force itself is generally distinguished by the name of capil- 
lary attraction. 

Now, the wood of a tree, as we have seen, is composed of a mass of 
fine tubes, and through these the sap has been said to rise by capillary 
attraction. But if the top of a vine be cut off when it is juicy and full 
of sap, the liquid will exude from the newly formed surface, and if the 
air be excluded, will flow for a lengih of time, and may be collected in 
a considerable quantity [Lindley’s Theory of Horticulture, p. 47, note]. 
Such a flow of the sap is not to be accounted for by mere capillary at- 
traction—the sides of tubes cannot draw up a fluid beyond their own 
extremities. 

2°. To supply the defect of this hypothesis, De Saussure supposed 
that the fluid at first introduced by capillary attraction into the extremi- 
ties of the root, was afierwards propelled upwards by the alternate con- 
traction and expansion of the tubes of which the wood of the root and 
stem is composed. This alternate contraction and expansion he also 
supposed to be caused by a peculiar irritating property of the sap itself, 
which caused each successive part of the tube into which it found ad- 
mission to contract for the purpose of expelling it. Mr. Knight also as- 
cribed the ascent of the sap to a similar contraction of certain other parts 
of the stem. Being once raised, he supposed it to return again or de- 
scend by its own weight—but in drooping branches it is obvious that the 
sap must be actually driven or drawn upwards from the leaves on its re- 
turn to the root. These explanations, therefore, are stil] unsatisfactory. 

3°. If one end of an open glass tube be covered with a piece of mois- 
tened bladder or other fine animal membrane, tied tightly over it, and a 
strong solution of sugar in water be then poured into the open end of the 
tube, so as to cover the membrane to the depth of several inches, and if 
the closed end be then introduced to the depth of an inch below the sur- 
face of a vessel of pure water, the water will after a short time pass 
through the bladder inwards, and the column of liquid in the tube will 
increase in height. ‘This ascent will continue, till in favourable circum- 


* Glass tubes perforated by a very fine bore, like a human hair, are called capillary tubes. 
Such are those of which thermometers are usually made, 
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stances the fluid will reach the height of several feet, and will flow out 
or run over at the open end of the tube. At the same time the water in 
the vessel will become sweet, indicating that while so much liquid has 
passed through the membrane inwards, a quantity has also passed out- 
wards, carrying sugar along with it.* ‘To these opposite effects Dutro- 
chet, who first drew attention to the fact, gave the names of Endosmose, 
denoting the inward progress, and Exosmose, the outward progress of the 
fluid. He supposed them to be due to the action of two opposite cur- 
rents of electricity, and he likens the phenomena observed during the 
circulation of the sap in plants, to the appearances presented during the 
above experiment. 

Without discussing the degree of probability which exists as to the in- 
fluence of electricity in producing the phenomena of endosmose and ex- 
osmose, it must be admitted that the appearances themselves bear a 
strong resemblance to those presented in the absorption and excretion of 
fluids by the roots of plants—and point very distinctly to at least a 
kindred cause. 

Thus, if the spongy termination of the root represent the thin porous 
membrane in the above experiment—the sap with which the tubes of 
the wood are filled, the artificial solution introduced into the experimen- 
tal tube—and the water in the soil, the water or aqueous soluuon into 
which the closed extremity of the tube is introduced,—we have a series 
of conditions precisely similar to those in the experiment. Fluids ought 
consequently to enter from the soil into the roots, and thence to ascend 
into the stem, as in nature they appear to do. 

This ascent, we have said, will continue till the fluid in the tubes of 
the wood (the sap) is reduced to a density as low as that of the liquid 
entering the roots from the soil. But in a growing tree, clothed with 
foliage, this will never happen. The leaves are continually exhaling 
aqueous vapour, as one of their constant functions, and sometimes in 
very large quantity. The sap, therefore, when it reaches the leaves, is 
concentrated or thickened, and rendered more dense by the separation 
of the water, so that when it descends to the root, and again begins its 
upward course, it will admit of large dilution before its density can be 
so far diminished asto approach that of the comparatively pure water 
which is absorbed from the soil. And this illustration of the ascent of 
tlie sap appears the more correct from the obvious purpose it points out 
—(in addition to others long recognised)—as served by the evaporation 
which is constantly taking place from the surface of the leaf. 

Still the cause of the ascent of the sap is not the more clear that we 
can imitate it in some measure by an artificial experiment. But it will 
be conceded by the strictest reasoners on physical phenomena, that to 
have obtained the command, or even a partial control, over a natural 


* Instead of sugar, common salt, gum, or other solable substances may be dissolved in 
the water introduced at first into the tube, and the denser this solution the larger the quantity 
of water which will enter by the membrane, and the greater the height to which the column 
will rise. It ceases in all cases to rise only when the portions of liquid within and without 
the membrane attain nearly to the same density {7. e. contain nearly the same weight of solid 
matter in solution.] Instead of pure water the vessel into which the extremity of the tube 
is plunged may also contain a weak solution of some soluble substance—such as lime or soda 
—in which case. while the sugar, or salt, or gum, will pass outwards, in smaller quantity, the 
dime es poe will pass inwards, along with the currents of water in which they are severally 

issolved. 
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power, is a considerable step towards a clear conception of the nature of 
that power itself. If the phenomena of endosmose can hereafter be 
clearly and indubitably traced to the agency of electricity we shali have 
advanced still another step, and shall be enabled to devise other means 
by which a more perfect imitation of nature may be effected, or a more 
complete control asserted over the phenomena of vegetable circulation. 


§ 4. Functions of the stem. 


The functions of the stem are probably as various as those of the 
root, though the circumstances under which they are performed neces- 
sarily involve these functions in considerable obscurity. 

The pith which forms the central part of the stem consists, as ] have 
already stated, of tubes disposed horizontally. When a coloured fluid 
is permitted to enter the lower part of the stem in the experiments 
above described, the pith remains untinctured in the centre of the col- 
oured wood. {t does not, therefore, serve for the conveyance of the sap. 
Nor does it seem to be vitally necessary to the health and growth of the 
plant, since Mr. Knight has shown that, from the interior of maby trees, 
it may be removed without apparent injury, and in nature, as trees ad- 
vance in age, it gradually diminishes in bulk, and in some species be- 
coines apparentiy obliterated. 

The vessels of the wood, which surrounds the pith, perform proba- 
biy both a mechanical and a chemical function. ‘They serve to convey 
upwards to the leaf the various substances which enter by the roots. 
This is their mechanical function. But during its progress upwards, 
the sap appears to undergo a series of changes. When it reaches the 
leaves it is no longer in the state in which it ascended from the root into 
the stem. The difficulty of extracting the sap from the wood, at ail- 
ferent heights, has prevented very rigorous experiments from being 
made on its nature and contents at the several stages of its ascent. 
These it is obvious must vary with the species and age of the plant, and 
with the season of the year at which the experiment is made. But the 
general result to be drawn from such observations as have hitherto been 
made, is, that those substances which enter directly into the root, when 
mingled with such as have already passed through the circulation of the 
plaut, undergo, during their ascent, a gradual preparation for that state 
in which they become fit to minister to the growth of the plant. This 
preparation is completed in a great measure in the leaf, though further 
changes still go on as the sap descends through the bark. This deduc- 
lion is strengthened by the fact that gaseous substances of various kinds 
and in varying quantities exist in the interior of the wood of the grow- 
ing plant. These gaseous subtances, according to Boucherie, are in 
some cases equal in bulk to one-twentieth part of the entire trunk of the 
tree in which they exist. They probably move upwards along with 
the sap, and are more or less completely discharged into the atmosphere 
through the pores of the leaves. That these gaseous substances not 
only differ in quantity, but in kind also, with the age and species of 
the tree, and with the season of the year, may, I think, be considered 
as almost amounting to a proof that they have not been inhaled direct- 
ly by the roots, but are the result of chemical decompositions which 
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have taken place on the stem itself, as the sap mounted upwards to- 
wards the leaves. : 

We have seen that the roots exercise a kind of discriminating power 
in admitting to the circulation of the plant the various substances which 
are present in the soil. The vessels of the stem exhibit an analogous 
power of admitting or rejecting the solutions of different substances into 
which they may be immersed. Thus Boucherie states that, when the 
trunks of several trees of the same species are cut off above the roots, 
and the lower extremities immediately plunged into solutions of differ- 
ent substances, some of these solutions will quickly ascend into and pen- 
etrate the entire substance of the tree immersed in them, while others 
will not be admitted at all, or with extreme slowness only, by the ves- 
sels of the stems to which they are respectively presented. On the 
other hand, that which is rejected by one species will be readily admit- 
ted by another. Whether this partial stoppage of, or total refusal to ad- 
it, certain subsiances, be a mere contractile effort on the part of the 
vessels, or be the result of a chemical change by which their exclusion 
is effected or resisted, does not as yet clearly appear. ‘That it does not 
depend upon the lightness and porosity of the wood, as might be sup- 
posed, is shown by the observation that the poplar is less easily pene- 
trated in this way than the beech, and the willow than the pear tree, 
the maple, or the plane. 

These various functions of the woody part of the stem are performed 
chiefly by the newer wood or alburnum, or, as it is often called, the sap 
wood of the tree. As the heart wood becomes older, the tubes of which 
it consists are either gradually stopped up by the deposition of solid 
substances which have entered by the roots, or by the formation of 
chemical compounds, which, like concretions in the bodies of animals, 
slowly increase in size til] the vessels become entirely closed—or they 
are by degrees compressed laterally by the growth of wood around them, 
so as to become incapable of transmitting the ascending fluids. Per- 
haps the result is in most cases due in part to both these causes. "This 
more or less perfect stoppage of the oldest vessels is one reason why the 
course of the sap is chiefly directed through the newer tubes.* 

The functions of the bark, which forms the exterior portion of the 
stem, will be more advantageously described, after we shall have con- 
sidered the purposes served by the leaves. 


§ 5. Functions of the leaves. 


The vessels of which the sap wood is composed extend upwards into 
the fibres of the leaf. Through these vessels the sap ascends, and from 
their extremities diffuses itself over the surface of the leaf. Here it un- 
dergoes important chemical changes, the extent, if not the exact nature, 
of which will appear from a short description of the functions which the 
leaves are known or are believed to discharge. 

1°. When the roots of a living plant are immersed in water, it isa 


* As the newest roots are prolongations of the newest wood, it may be supposed that the 
fact of these roots being the chief absorbents from the soil, is a sufficient reason why that 
which is absorbed by them should also pass up through the wood with which they are most 
closely connected. But that the pores of the heart wood are really incapable of transmit- 
ting fluids, is shown by plunging the newly cut stem of a tree into a coloured soiution—the 
newer wood will be dyed, while more or less of the central portion will remain unchanged. 
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matter of familiar observation that the water gradually diminishes in 
bulk, and will at length entirely disappear, even when evaporation into 
the air is entirely prevented. The water which thns disappears is taken 
up by the roots of the plant, is carried up to the leaves, is there spread 
out over a large surface exposed to the sun and to the air, and in the 
form of vapour escapes in considerable proportion through the pores of 
the leaves and diffuses itself through the atmosphere. 

The quantity of water which thus escapes from the surface of the 
leaves varies with the moisture of the soil, with the species of plant, 
with the temperature and moisture of the air, and with the season of the 
year. According to the experiments of Hales, it is also dependent on 
the presence of the sun, and is scarcely perceptible during the night. 
He found that a sun-flower, 34 feet high, lost from its leaves during 12 
hours of one day 30, and of another day 20 ounces of water, while during 
a warm night, without dew, it lost only three ounces, and in a dewy 
night underwent no diminution in weight.* 

This loss of watery vapour by the leaf is ascribed to two different 
kinds of action. First, to a natural perspiration from the pores of the 
leaf, similar to the insensible perspiration which is continually proceed- 
ing from the skins of healthy animals; and second, to a mechanical 
evaporation like that which gradually takes place from the surface of 
moist bodies when exposed to hot or dry air. The relative amount of 
loss due to each of these two modes of action respectively, must differ 
very much in different species of plants, being dependent in a great 
measure on the special structure of the leaf. In all cases, however, the 
natural perspiration is believed very greatly to exceed the mere mechan- 
ical evaporation—though the results of Hales, and of other experimen- 
ters, show that both processes proceed with the greatest rapidity under the 
influence of a warm dry atmosphere, aided by the direct rays of the sun. 

Among the several purposes served by this escape of watery vapour 
from the surface of the leaf, it is of importance for us to notice the direct 


* When the escape of vapour from the leaves is more rapid than the supply of water from 
the roots, the leaves droop, dry, and wither. Such is sometimes the case with growing 
crops in very hot weather, and it always happens when a twig or flower is plucked and sep- 
arated from the stem or root. When thus separated the leaves still continue to give off wa- 
tery vapour into the air, and consequently the sap ascends from the twig or stalk to supply 
the place of the water thus exhaled. 

But as the sap ascends it must leave the vessels empty of fluid, and air must rush in to 
fill the empty space. This will continue till nearly all the fluid has risen from the stem into 
the leaf, and the vessels of the wood are full of air. Butif the stem of the twig or flower be 
placed in water this liquid will rise into it, air will be excluded, and the freshness and bloom 
of the leaves and flowers will be longer preserved. If the water into which they are intro- 
duced contain any substances in solution, these will rise along with the water, and will grad- 
ually make their way through all the vessels of the wood, till they can be detected in the 
leaves. By this means even large trees may in a short time be saturated with saline solu- 
tions, capable of preserving them from decay. It is only necessary to cut down or saw 
through the tree and insert its lower extremity into the prepared solution, when the action 
of the sun and airvupon the leaves will cause it spontaneously to ascend. Thus corrosive 
sublimate (the subject of Kyan’s Patent) may be injected wilh ease, or pyrolignite of iron, 
Gron dissolved in wood vinegar,) which Boucherie recommends as equally efficient and 
much more economical, [Ann. de Chim. et de Phys. |\xxiv. p. 113.] 'Vhe process is finished 
when the liquid is found to have risen to the leaf. Coloured solutions may in the same way 
be injected and the wood tinged to any required shade. One of the chief benefits attendant 
upon the cutting of wood inthe winter, appears to be that the absence of leaves prevents the 
exhaustion of the sap and the ascent of air into the vessels of the wood—the oxygen of this 
air tending to induce decay. But the sap may be retained, and the air excluded almost as 
effectually, at any other season of the year, by stripping the tree of its leaves and branches a 
few days before it is cut down. 
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chemical influence it exercises over the growth of the plant. As the water 
disappears from the leaf, the roots must absorb from the soil at least an 
equal supply. This water brings with it the soluble substances, organ- 
ic and inorganic, which the soil contains, and thus in proportion to the 
activity with which the leaves lose their watery vapour, will be the 
quantity of those substances which enter from the soil into the general 
circulation of the plant. This enables us to understand how substances, 
very sparingly soluble in water, should yet be found in the interior of 
plants, and in very considerable quantity, at almost every stage of their 
growth. 

2°. Besides watery vapour, however, the leaves of nearly all plants 
exhale at the same time other volatile compounds in greater or less 
abundance. In the petals of flowers, we are familiar with such exha- 
lations—often of an agreeable and odoriferouscharacter. In the case of 
plants and trees also which emit a sensible odour, we readily recognise 
the fact of volatile substances being given off by the leaves. But even 
wher the sease of sme!! gives us no indication of their emission from a 
single leaf or a single plant, the introduction of a number of such in- 
odorous plants into the confined atmosphere of a small room after a time 
satisfies us that even they part with some volatile matter from their 
leaves, which makes itself perceptible to our imperfect organs only when 
in a concentrated state. The probability therefore is, that the leaves of 
all plants emit, along with the watery vapour which they evolve, cer- 
tain other volatile substances also, though often in quantities so minute 
as to escape detection by our unaided senses. By the emission of these 
substances the plant probably relieves itself of what would prove inju- 
rious if retained, though of the chemical nature and composition of these 
exhalations little or nothing has yet been ascertained. 

3°. If the branch of a living plant be so bent that some of its leaves 
can be introduced beneath the edge of an inverted tumbler full of water, 
and if the leaves be then exposed to the rays of the sun, bubbles of gas 
will be seen to form on the leaf, and gradually to rise through the water 
and collect in the bottom of the tumbler. If this gas be examined it 
will be found to be pure oxygen. 

If the water contain carbonic acid gas, or if during the experiment a 
little carbonic acid be introduced, this gas will be found gradually to dis- 
appear, while the oxygen will continue to accumulate. 

Or if the experiment be made by introducing a living plant into a large 
bell-glass full of common atmospheric air, allowing it to grow there for 
12 hours in the sunshine, and then examining or analysing the air con- 
tained in the glass, the result will be of a precisely similar kind. The 
per centage of oxygen in the air will have increased.* And if the ex- 
periment be varied by the introduction of a small quantity of carbonic 
acid gas into the jar, this gas will be found as before to diminish in quan- 
tity, while the oxygen increases. The conclusion drawn from these 
experiments, therefore, is, that. the leaves of plants, when exposed to the 
rays of the sun, absorb carbonic acid from the air and give off pure ory- 


gen gas. Ce 
It has been already stated that the proportion of carbonic acid present. 


* It will be remembered that atmospheric air contains about 21 per cent. of oxygen gee 
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in the atmosphere is exceedingly small, [about 1-2500th of tis bulk— 
see Lecture II., p. 30;] butif for the purpose of experiment we increase 
this proportion in a gallon of air to five or ten per cent., introduce a liv- 
ing plant into it, and expose it to the sunshine, the carbonic acid will 
gradually disappear as before, while the oxygen will increase. And if 
we analyse the air and estimate the exact bulk of each of these gases 
present in it at the close of our experiment, we shall find that the oxygen 
has increased generally by as much as the carbonic acid has diminished. 
That is to say, if five cubic inches of the latter have disappeared, five 
cubic inches will have been added to the bulk of the oxygen. The 
above general conclusion, therefore, is rendered more precise by this ex- 
periment, which appears to show that under the influence of the sun’s 
rays the leaves of plants absorb carbonic acid from the air, and at the same 
time give off AN EQUAL BULK of oxygen gas. 

And as carbonic acid (COg) contains its own bulk of oxygen gas* 
combined with a certain known weight of carbon, it is further inferred 
that the oxygen given off by the leaves is the same which has been pre- 
viously absorbed in the form of carbonic acid, and therefore it is usually 
stated as a function of the leaves—that in the sunshine they absorb car- 
bonic acid from the air, DECOMPOSE it in the interior of the leaf, retain its 
carbon, and again reject or emit the oxygen it contained. 

This conclusion presents avery simple view of the relations of oxygen 
and carbonic acid respectively to the living leaf in the presence of the 
sun, and it appears to be fairly deduced from the facts above stated. 
It has occasionally been observed, however, that the bulk of oxygen 
given off by the leaf has not been precisely equal to that of the carbonic 
acid absorbed, [see Persoz, Chimie Moleculaire, p. 54,] and hence it is 
also fairly concluded that a portion of the oxygen of the carbonic acid 
which enters the leaf is retained, and made available in the production 
of the various substances which are formed in the vascular system of 
different plants. On the other hand it is stated by Sprengel, that if com- 
pounds containing much oxygen be presented to the roots of plants, and 
thus introduced into the circulation, they are also decomposed, and the 
oxygen they contain in part or in whole given off by the leaves, so that, 
under certain circumstances, the bulk of the oxygen which escapes is 
actually greater than that of the carbonic acid which is absorbed by the 
leaves. Such is the case, for example, when the roots are moistened 
with water containing carbonic, sulphuric, or nitric acids.—[Sprengel 
Chemie, 11., p. 344.] 

It is of importance to note these deviations from apparent simplicity 
in the relative bulks of the two gases which are respectively given off 
and absorbed by all living vegetables. There are numerous cases of the 
fornration of substances in the interior of plants which theory would fail 
to account for with any degree of ease, were these apparent anomalies 
to be neglected. ‘This will more distinctly appear whenin a subsequent 
lecture we shall inquire how or by what chemical changes the substan- 
ces which plants contain, or of which they consist, are produced from 
the food which they draw from the air and from the soil. 


* This the reader will recollectis proved by burning charcoal in a bottle of oxygen gas till 
combustion ceases, when nearly the whole of the oxygen is converted into carbonic acid, but 
without change of bulk.—See Lecture III., p. 45 
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The most general and probable expression, therefore, for the function 
of the leaf, now under consideration, appears to be that in the sunshine 
the leaves absorb from the air carbonic acid, and at the same time 
evolve oxygen gas, the bulk of the latter gas given off being nearl 
equal to that of the former which is taken in—the relative bulks of the 
two gases varying more or less with the species of plant, as well as 
with the circumstances under which it is caused or is fited to grow.* 

4°. Such is the relation of the leaf to the oxygen and carbonic acid 
of the atmosphere in the presence of the sun. During the night their 
action is reversed, they emt carbonic acid and absorb oxygen. This is 
proved by experiments similar to those above described. For if the 
plant which has remained under the bell-glass for 12 hours in the sun- 
shine—during which time the oxygen has sensibly increased, and the 
carbonic acid diminished in bulk—be allowed to remain in the same air 
through the following night, the oxygen will be found to have decreased, 
while the carbonic acid will be present in larger quantity than in the 
evening of the previous day. 

The carbonic acid thus given off during the night is supposed to be 
partly derived from the soil through the roots, and partly from the sub- 
stance of the plant itself. The oxygen absorbed either combines with 
the carbon of the plant to form a portion of the carbonic acid which is 
at the same time given off or is employed in producing some of the 
other oxtdixed [containing oxygen in considerable quantity] compounds 
that exist in the sap. 

As a general rule, the quantity of carbonic acid given off during the 
night is far from being equal to that which is absorbed during the day. 
Sull it is obvious that a plant loses carbon precisely in proportion to the 
amount of this gas given off. Hence, when the days are longest, the 
plant will lose the least, and where the sun is brightest it will gain the 
fastest; since other things being equal, the decomposition of carbonic 
acid proceeds most rapidly where the sky is the clearest, and the rays 
of the sun most powerful. Hence we see why in Northern regions, 
where spring, summer, and autumn are all comprised in one long day 
—vegetation should proceed with such rapidity. ‘The decomposition of 
the carbonic acid goes on without intermission, the leaves have no night 
of rest, but nature has kindly provided that, where the season of 
warmth is so fleeting, there should be no cessation to the necessary 
growth of food for man and beast. 

This comparison of the functions performed by the leaf, during the 
day and night respectively, explains the chemical nature of the blanching 
of vegetables practised by the gardener, as well as the cause of the pale 
colour of plants that grow naturally in the absence of light. 

When exposed to the sun, the leaves of these sickly vegetables evolve 
oxygen, and gradually become green and healthy. Woody matter 1S 
formed, and the stems become strong and fibrous. 

The light of the sun, in the existing economy of nature, is indeed 
equally necessary to the health of plants and of animals. ‘The former 


” As the oxygen given off by the leaves is always the result of a chemical decomposition, 
by which the carbonic acid or other compound is deprived of a portion, at least, of its oxy- 
gen or de-oxidized, this function of the leaves inthe presence of the sun is often spoken of 
as their de- oxidizing power. 
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become pale and sickly, and refuse to perform their most important 
chemical functions when excluded from the light. The bloom disap- 
pears from the human cheek, the body wastes away, and the spirit 
sinks, when the unhappy prisoner isdebarred from the sight of the blessed 
sun. In his system, too, the presence of light is necessary to the perfor- 
mance of those chemical functions on which the healthy condition of the 
vital fluids depends. 

The processes by which oxygen and carbonic acid are respectively 
evolved in plants have been likened by physiologists to the respiration 
and digestion of animals. It is supposed that when plants respire they 
give off carbonic acid as animals do, and that when they digest they 
evolve oxygen. Respiration also, it is said. proceeds at all times, diges- 
tion only in the light of the sun. ‘Though these views are confessedly 
conjectural, they are founded upon striking analogies, and may reason- 
ably be entertained as matters of opinion. 

6°. Other species of decomposition also, besides that of de-oxidization, 
go on in the leaf, or are there made manifest. Thus when plants grow 
ina soil containing much common salt (chloride of sodium) or other 
chlorides, they have been observed by Sprengel and Meyen to evolve 
chloride* gas from their leaves. This takes place, however, more dur- 
ing the night than during the day. Some plants also give off ammonia, 
(Lecture LV., p. 70,) while others (crucifere), according to Dr. Daube- 
ny, [in his Three Lectures on Agriculture, p. 59,] emit from their leaves 
pure nitrogen gas. 

The evolution of chlorine implies the previous decomposition of the 
chlorides, which have been absorbed from the soil; while that of nitro- 
gen may be due to the decomposition of ammonia, of nitric acid, or 
of some other compound containing nitrogen, which has entered into the 
circulation by the roots. he exact mode and nature of the decompo- 
sition of these substances, and the purposes served by them in tlie vegeta- 
ble economy, will come under our consideration in a subsequent lecture. 

The leaf bas been described (p. 76) as an expansion of the bark. 
It consists internally of two layers of veins or vascular fibres laid one 
over the other, the upper connected with the wood—the lower with the 
inner bark. It is covered on both sides by a thin membrane (epider- 
mis), the expansion of the outer bark. This thin membane is studded 
with numerous small pores or mouths (stomata), which vary in size and 
in number with the nature of the plant, and with the circumstances in 
which it is intended to grow. It is from the pores in the upper part of 
the leaf that substances are supposed to be exhaled, while every thing 
that is inhaled enters by those which are observed in the under side of 
the leaf:+ This opinion, however, is not universally received, it being 
admitted by some that the power both of absorbing and of emitting 
may be possessed by the under surface of the leaf. 

7°. We have seen that the chief supply of the fluids which constitute 


* Chlorine is agas of agreenish yellow colour, having an unpleasant taste and a suffocating 
odour. When it combines with other substances it forms chlorides. {t exists in, and im- 
parts its smell to, chloride of lime, which is employed for disinfecting purposes, and it 
forms upwards of half the weight of common salt. 

t This is illustrated by the action of a cabbage leaf ona wound. If the upper side be ap- 


plied, the sore is protected and quickly heals, while the under side draws it aud produces a 
constant discharge. 
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the sap of plants, is derived from the soil. The under side of the 
leaves of plants is also supposed by some to be capable of absorbing 
moisture from the air, either in the form of watery vapour, or when it 
falls upon the leaves in the state of dew. Like the roots also they may 
absorb with the dew any substances the latter happens to hold in solu- 
tion. And thus plants may, in some degree, be nourished by the vola- 
tile organic substances which ascend from the earth during the heat of 
the day, and which are again in a great measure precipitated with the 
evening dew. 

Whether the leaves ever absorb nitrogen gas from the air has not as 
yet been determined with sufficient accuracy. If they do, it mustin gene- 
ral be in very small quantity only, since it has hitherto escaped detec- 
tion. In like manner it is doubtful how far they regularly absorb any 
other substances which the air is supposed to contain. Thus it is known 
that nitric acid exists in the air in very minute quantity. Some chem- 
ists also believe that ammonia is extensively diffused through the atmos- 
phere in an exceedingly diluted state. Do the leaves of plants absorb 
these substances! Is the absorption of them oneof the constant and ne- 
eessary functions of the leaves? The reply to these questions must be 
very uncertain, aud any principle which professes to be based upon such 
a reply must be regarded only as a matter of opinion. : 

8°. The petals of flower-leaves perform a somewhat different function 
from those of the ordinary leaves of a plant. They absorb oxygen at 
all times—though more by day than by night—and they constantly emit 
carbonic acid. The bulk of the latter gas evolved, however, is less than 
that of the oxygen taken in. The absorption of oxygen gas, and the 
constant production of carbonic acid, is, in some flowers, so great as to 
cause a perceptible increase of temperature—and to this slow combus- 
tion, so to speak, the proper heat observed in the flowers of many plants 
has been attributed. 

According to some authors, the flower-leaves also emit pure nitrogen 
gas.—[Sprengel, Chemie, I1., p. 347.] This fact has not yet been deter- 
mined by a sufficient number of accurate experiments; it is in accord- 
ance, however, with the results of Boussingault, that, when a plant 
flowers and approaches to maturity, the nitrogen it contains becomes 
less. If confirmed, this evolution of nitrogen would throw an interest- 
ing light on the most advantageous employment of green crops, both for 
the purposes of manure and for the feeding of cattle. 

9°. When the leaves of a plant begin to decay, either naturally as in 
autumn, or from artificial or accidental causes, they no longer absorb 
and decompose carbonic acid, even under the influence of the sun’s rays. 
On the contrary, they absorb oxygen, like the petals of the flower, new 
compounds are formed within their substance—their green colour disap- 
pears—they become yellow—they wither, die, and drop from the tree— 
their final function, as the organs of a living being, is discharged. They 
then undergo new changes, are subjected to a new series of influences, 
and are made to serve new purposes in the economy of nature. These 
we shall hereafter find to be no less interesting and important in refer- 
ence to a further end, than are the functions of the living leaf to the 
growth and nourishment of the plant.—[See subsequent lecture, ** On the 
law of the decay of organic substances.’’] 
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§6. Functions of the bark. 


The inner bark being connected with the under layer of vessels in the 
leaf, receives from them the sap after it has been changed by the action 
of the air and light, and transmits it downwards to the root. 

The outer bark, especially in young twigs and in the stalks of the 
grasses, so closely resembles the leaves in its appearance, that we can 
have no difficulty in admitting that it must, not unfrequently, perform 
similar functions. In the Cactus, the Stapelia, and other plants which 
produce no true leaves, this outer bark seems to perform all the functions 
which in other vegetable tribes are specially assigned to the abundant 
foliage. During its descent through the inner bark, therefore, the sap 
must in very many cases undergo chemical changes, more or less analo- 
gous to those which usually take place in the leaf. 

It is by means of the inner bark that the stems of trees, such as 
our forest and fruit trees, are enlarged by the deposition of annual 
layers of new wood. The woody fibre is formed or prepared in 
the leaf, and as the sap descends it is deposited beneath the inner sur- 
face of the inner bark. It thus happens that, as the sap descends, it is 
gradually deprived of the substances it held in solution when it left the 
leaf, and in consequence it becomes difficult to say how much of the 
change, which the sap is found to have undergone when it reaches the 
root, is due to chemical transformations produced during its descent, and 
how much to the deposition of the woody fibre and other matters it has 
parted with by the way. 

Among other evidences of such changes really taking place during 
the descent of the sap, I may mention an observation of Meyen [Jahres- 
bericht, 1839, p. 27], made in the course of bis experiments on the re- 
production of the bark of trees. In these experiments he enclosed the 
naked wood in strong glass tubes, and in three cases out of eight the 
tubes were burst and shattered in pieces. This could only have arisen 
from the disengagement of gaseous substances, the result of decomposi- 
tion. While, therefore, such gases as enter by the roots or are evolved 
in the vessels of the wood during the ascent of the sap, escape by the 
leaf along with those which are disengaged in the leaf itself, it is proba- 
ble that those which are produced as the result of changes in the bark, 
descend with the downward sap, and are discharged by the root.* 

In the bark of the root it is probable that still further changes take 
place—and of a kind which can only be effected during the absence of 
light. This is rendered probable by the fact that the bark of the root 
frequently contains substances which are not to be met with in any 
other part of the plant. Thus from the bark of the fresh root of the ap- 
ple tree a substance named pkhloridzine, possessed of considerable medi- 
cal virtues, may be readily extracted, though it does not exist in the 
bark either of the stem or of the branches. 

In fine, as the food which is introduced into the stomachs of animals, 
undergoes continual and successive chemical changes during its pro- 
gress through the entire alimentary canal—so, numerous phenomena 
indicate that the sap of plants is also subjected to unceasing transforma- 


* Sprengel says that the stems and twigs, and the stalks of the grasses, all absorb oxygen 
and give off carbonic acid.— Chemie, IL., p. 341. 
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tions,—in the root and in the stem as well as in the leaves,—at one time 
in the dark, at another under the influence of the sun’s rays,—exposed 
when in the leaf to the full action of the air,—and when in the root al- 
most wholly secluded from its presence ;—the new compounds pro- 
duced in every instance being suited either to the nature of the plant or 
the wants and functions of that part of it in which each transformation 
takes place. 

To some of these transformations it will be necessary to advert more 
particularly, when we come to consider the special changes by which 
those substances of which plants chiefly consist, are formed out of these 
compounds on which they chiefly live. 


§ 7. Circumstances by which the functions of the various parts of plants 
are modified. 


Plants grow more or less luxuriantly, and their several parts are 
more or less largely developed, in obedience to numerous and varied 
circumstances. 

I. In regard to the special functions of the root, we have already seen 
that the access of atmospheric air is in some cases indispensable, while 
in others, by shooting vertically downwards, the roots appear to shun 
the approach of either air or light. It is obvious also that a certain de- 
gree of moisture in the soil, and a certain temperature, are necessary 
to the most healthy discharge of the functions of the root. In hot wea- 
ther the plant droops, because the roots do not absorb water from the 
soil with sufficient rapidity. And though itis probable that, at every 
temperature above that of absolute freezing, the food contained in the 
soil is absorbed and transmitted more or less slowly to the stem, yet it is 
well known that a genial warmth in the soil stimulates the roots to in- 
creased activity. The practice of gardeners in applying bottom heat in 
the artificial climate of the green-house and conservatory is founded on 
this well-known principle. 

But the nature of the soilin which plants grow has also much influ- 
ence on the way in which the functions of the root are discharged. As 
a general fact this also is well known, though the special qualities of the 
soil on which the greater or less activity of vegetation depends, are far 
from being generally understood. If the soil contain a sensible quantity 
of any substance which is noxious to plants, it is plain that their roots 
will be toa certain degree enfeebled, and their functions in consequence 
only imperfectly discharged. Or if the soil be deficient either in organic 
food, or in one or other of those inorganic substances which the plants 
necessarily require for the production of their several parts, the roots 
cannot perform their office with any degree of efficiency. Where the 
necessary materials are wanting the builder must cease to work. So in 
a soil which contains no silica, the grain of wheat may germinate, but 
he stalk cannot be produced in a natural or healthy state, since silica is 
indispensable to its healthy construction. 

II. The ascent of the-sap is modified chiefly by the season of the 
year, by the heat of the day, and by the genus and age of the plant or 
tree. 

There seems reason to believe that the plant never sleeps, that even 
during the winter the circulation slowly proceeds, though the first 
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genial sunshine of the early spring stimulates it to increased activity. 
The general increased temperature of the air does not produce this ac- 
celeration in so remarkable a manner as the direct rays of thesun. The 
sap will flow and circulate on the side of a tree on which the sunshine 
falls, while it remains sensibly stagnant on theother. This is shown by 
the cutting down similar trees at more and more advanced periods of 
the spring, and immersing their lower extremities in coloured solutions. 
The wood and bark on one side of the tree will be coloured, while, on 
the other, both will remain unstained. If a similar difference in the 
comparative rapidity of the circulation on opposite sides of a trunk or 
branch be supposed to prevail more or less throughout the year, we can 
readily account for the annual layers of wood being often thicker on 
the one half cf the circumference of the stem than on the other. 

The sap is generally supposed to flow most rapidly during the spring, 
butif trees be cut down at different seasons, and immersed as above 
described, the coloured solution, according to Boucherie, reaches the 
leaves most rapidly in the autumn.* 

The heat of the day, other circumstances being the same, materially 
affects, for the time, the rapidity of the circulation. The more rapidly 
watery and other vapours are exhaled from the leaves, the more quick- 
ly must the sap flow upwards to supply the waste. If on two succes- 
sive days the loss by the leaves be, as in the experiment of Hales, above 
described, (p. 90,) as 2 to 3, the ascent of the sap must be accelerated 
or retarded in a similar proportion. Hence, every sensible variation in 
the temperature and moisture of the air, must also, to a certain extent, 
modify the flow of the sap; must cause a greater or less transport of that 
food which the earth supplies, to be carried to every part of the plant, 
and must thus sensibly affect the luxuriance and growth of the whole. 

But the persistance of the leaves is a generic character, which has 
considerable influence upon the circulation in the evergreens. In the 
pine and the holly, from which the leaves do not fall in the autumn, the 
sap ascends and descends during all the colder months,—at a slower 
rate, it is true, than inthe hot days of summer, yet much more sensibly 
than in the oak and ash, which spread their naked arms through the 
wintery air. This is illustrated by the experiments of Boucherie, who 
has observed that in December and January the entire wood of resinous 
trees may be readily and thoroughly penetrated by the spontaneous as- 
cent of saline and other solutions, into which their stems may be im- 
mersed. 

III. From what has just been stated, it will appear that the mechani- 
cal functions of the stem are subject to precisely the same influences as 
the ascent of the sap. As the tree advances in age, the vessels of the 
interior will become more or less obliterated, and the general course of 
the sap will be gradually transferred to annual layers, more and more 

* Boucherie makes a distinction, not hitherto insisted upon by physiologists, between the 
circulation on the surface of the tree by which the buds and young twigs are supported, and 
the interior circulation, which is not perfect until a latter period of the year. Hence in the 
spring, though the sapis flowing rapidly through the bark dnd the newest wood, coloured 
solutions will not penetrate the interior of the tree with any degree of rapidity. In autumn, 
on the other hand—when the fear of approaching winter has already descended upon the 
bark—the time of most active circulation has only arrived for the interior layers of the older 
wood. Itis this season consequently that he finds most favourable for impregnating the 


trunks of trees with those solutions which are likely to preserve them from decay.—Ann. de 
Chim. at de Phys., \xxiv., p. 135. 
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removed from the centre. It is this transference of the vital circula- 
tion to newer and more perfect vessels that enables the tree to grow and 
blossom and bear fruit through so long a life. In animals the vessels 
are gradually worn out by incessant action. None of them, through 
old age, are permitted to retire from the service of the body—and the 
whole system must stop when one of them is incapacitated for the 
further performance of its appointed duties. 

In regard to the chemical functions of the stem, it is obvious that they 
are not assigned to the mere woody matter of the vessels and cells. 
They take place in these vessels, but the nature and extent of the chemi- 
cal changes themselves must be dependent upon the quantity and kinds 
of matter which ascend or descend in the sap. The entire chemical 
functions of the plant, therefore, must be dependent upon and must be 
modified by the nature of the substances which the soil and the air re- 
spectively present to the roots and to the leaves. 

IV. In describing the functions of the leaf, I have already had ocea- 
sion to advert to the greater number of the circumstances by which the 
discharge of those functions is most materially affected. We have seen 
that the purposes served by the leaf are entirely different according as 
the sun is above or below the horizon; that the temperature and mois- 
ture of the air may indeed materially influence the rapidity with which 
its functions are discharged—but that the light of the sun actually deter- 
mines their nature. Thus the leaf becomes green and oxygen is given 
off in the presence of the sun, while in his absence carbonic acid is dis- 
engaged, and the whole piant is blanched. 

How necessary light is to the health of plants may be inferred from 
the eagerness with which they appear to long for it. How intensely 
does the sun-flower watch the daily course of the sun,—how do the 
countless blossoms nightly droop when he retires,—and the bianched 
plant strive to reach an open chink through which his light may reach 
it |* 

That the warmth of the sun has comparatively little to do with this 
specific action of his rays on the chemical functions of the leaf, is illus- 
trated by some interesting experiments of Mr. Hunt, on the effect of 
rays of light of different colours on the growing plant. He sowed cress 
seed, and exposed different portions of the soil in which the seeds were 
germinating, to the action of the red, yellow, green, and blue rays, 
which were transmitted by equal thicknesses of sclutions of these seve- 
ral colours. ‘+ After ten days, there was under the blue fluid, a crop of 
eress of as bright a green as any which grew in full light and far more 
abundant. ‘The crop was scanty under the green fluid, and of a pale 
yellow, unhealthy colour. Under the yellow solution, only two or three 
plants appeared, but less pale than those under the green,—while be- 
neath the red, a few more plants came up than under the yellow, though 
they also were of an unhealthy colour. The red and blue bottles being 
now mutually transferred, the crop formerly beneath the blue in a few 


* A potato has been observed to grow up in quest of light from the bottom of a well 
twelve feet deep—and in a dark cellar a shoot of 20 feet in length has heen met with, the 
extremity of which had reached and rested at an open window. In the leaves of blanched 
vegetables peculiar chemical compounds are formed. Thus in the stalk of the potato a 
poisonous substance called solanin is produced, which disappears again when the stalk is ex- 
posed to the light and becomes green. 


L.of C. 5* 
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dys appeared blighted, while on the patch previously exposed to the 
red, some additional plants sprung up.’”** 

Besides the rays of heat and of light, the sun-beam contains what 
have been called chemical rays, not distinguishable by our senses, but 
capable of being recognized by the chemical effects they produce. 
These rays appear to differ in kind, as the rays of different coloured 
light do. It is to the action of these chemical rays on the leaf, and 
especially to those which are associated with the blue light in the solar 
beam, that the chemical influence of the sun on the functions of the leaf 
is principally to be ascribed. 

It cannot be doubted that the warmth and moisture of a tropical cli- 
mate act as powerful stimulants—assistants it may be—to the leaf, in 
the absorption of carbonic acid from the air, and in that rapid appropria- 
tion (assimilation) of its carbon by which the growth of the plant is has- 
tened and promoted. But the bright sun, and especially the chemical in- 
fluence of his beams, must be regarded as the main agent in the wonderful 
development of a tropical vegetation. Under this influence the growth 
by the leaves at the expense of the air must be materially increased, 
and the plant be rendered less dependent upon the root and the soil for 
the food on which it lives.+ 

V. The rapidity with which a plant grows has an important influence 
upon the share which the bark is permitted to take in the general 
nourishment of the whole. The green shoot performs in some degree 
the functions of the leaf. In vascular plants, therefore, which in a con- 
genial climate may almost be seen to grow, the entire rind of a tall tree 
may more or less effectually absorb carbonic acid from the atmosphere, 
during the presence of the sun. The broad leaves of the palm tree, 
when fully developed, render the plant in a great degree independent of 
the soil for organic food—and the large amount of absorbing surface in 
the long green tender stalks of the grasses, and of their tropical ana- 
logues, must materially contribute to the same end. Hence the pro- 
portion of organic matter derived from the air, in any crop we reap, 
must always be the greater the more rapid its general vegetation has 
been. 


It is a fact familiarly known to all of you, that, besides those cireum- 
stances by which we can perceive the special functions of any one or- 
gan to be modified, there are many by which the entire economy of the 
plant is materially and simultaneously affected. On this fact the prac- 
tice of agriculture is founded, and the various processes adopted by the 
practical farmer are only so many modes by which he hopes to influ- 


* London and Edinburgh Journal of Science, February, 1540. 

Might not our cheap blue glass be used with advantage in glazing hot-houses, conserva- 
tories, &c.7 

t The effect of continued sunshine may be offen seen in onr corn-fields in May, when, 
under the influence of propitious weather, the young plants are shooting rapidly up. When 
such a field is bounded by a lofty hedge running nearly north and south, the ridges nearest 
the hedge on either side will bein the shade for nearly one-half of the day, and will invaria- 
bly appear of a paler greenand less healthy colour. If the hedge be studded with occasional 
large trees, the spots on which the shadows of those trees rest will be indicated by distinct 
pale green patches stretching further into the field than the first, and sometimes even than 
the second ridges. 
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ence and promote the growth of the whole plant, and the discharge of 
the functions of all its parts. 

Though manures in the soil act immediately through the roots, they 
stimulate the growth of the entire plant; and though the application of 
a top-dressing may be supposed first to affect the leaf, yet the beneficial 
result of the experiment depends upon the influence which the dressing 
may exercise on every part of the vegetable tissue. 

In connection with this part of the subject, therefore, I shall only 
further advert to a very remarkable fact mentioned by Sprengel, which 
seems, if correct, to be susceptible of important practical applications. 
He states that it has very frequently been observed in Holstein, that if, 
on an extent of level ground sown with corn, some fields be marled, and 
others left unmarled, the corn on the latter portions will grow less lururi- 
antly and will yield a poorer crop than if the whole had been unmarled. 
Hence he adds, if the occupier of the unmarled field would not have a 
succession of poor crops, he must marl Ais land also.* 

Can it really be that nature thus rewards the diligent and the impro- 
ver? Do the plants which grow on a soil in higher condition take from 
the air more than their due share of the carbonic acid or other vegetable 
food it may contain, and leave to the tenants of the poorer soil a less pro- 
portion than they might otherwise draw from it? How many interest- 
ing reflections does such a fact as this suggest! What new views does 
it disclose of the fostering care of the great Contriver—of his kind encour- 
agemient of every species of virtuous labour! Can it fail to read to us a 
new and special lesson on the benefits to be derived from the application 
of skill and knowledge to the cultivation of the soil? 


* Wenn namilich auf einer Feldflur Stiick um Stiick gemergelt worden ist, so wachsen 
die Friichte auf den nicht gemergelten Feldern, auch wenn hier alle friuheren verhaltnisse 
ganz dic-selben bleiben, nicht mehr sogut, als ehedem; wodurch die Besitzer jener Felder, 
wenn sie nicht fortwahrend geringe Erndten haben wollen, genvthigt sind, gleichfalls zu 
mergeln. Aus dieser hichst vichtigen Erscheinung, dié man sehr héufig in Holsteinschen 
bemerkt, &c.—Sprengel, Chemie fiir Landwirthschaft, 1., p. 303. 


LECTURE VI. 


Substances of which plants chiefly consist—Woody fibre, Starch, Gum, Sugars—Therr mu- 
tual relations and transformations—Gluten, Vegetable Albumen, Diastase—Acetic, Tartaric, 
Malic, Citric, and Oxalic Acids—General observations. 


From what has been stated regarding the structure of plants, it will be 
understood in what way the food is introduced into their circulation. The 
next inquiry appears to be how—by what chemical changes—is the food, 
when introduced, converted into those substances of which plants chiefly 
consist. But in order that we may clearly understand this point, it is 
necessary that we know first the nature and chemical constitution of the 
substances which are most largely formed from the food in the interior 
of the plant. To this point, therefore, | must previously direct your 
attention. 

If you were to collect all the varieties of plants which are within your 
reach—whether such as are cultivated and used for food—or such as 
grow more or less abundantly in a wild state—and were to extract their 
several juices, and to separate from each of these juices the chemical 
compounds it contains—you would graduaily gather together so many 
different substances, all possessed of different properties, that you would 
scarcely be able to number them. 

But if at the same time you compared the weight of each substance 
thus collected with that of the entire plant from which it isderived, you 
would find also that the quantity of many of them is comparatively so 
minute that only a very small portion of the vital energies of the plant 
ean be expended in producing them,—that they may be entirely neglect- 
ed in a general consideration of the great products of vegetation. Thus 
though quinine and morphine, the active ingredients in Peruvian bark 
and in opium, are most interesting substances, from their effect upon the 
human constitution, and their use in medicine, yet they form so small a 
fraction of the mass of the entire trees or plants from which they are ex- 
tracted, that it would be idle to attempt to convey to you any notion of 
the way in which plants grow and are fed, by showing you how such 
substances as these are produced from the food on which plants live. 

While, however, the examination would satisfy you that almost 
every species of plant produced in small quantity one or more sub- 
stances peculiar to itself, you would observe, at the same time, that 
every plant yielded a certain quantity of two or three substances com- 
mon to and prodvced by all, and in most cases constituting the greater 
portion of their bulk. ‘Thus all trees and herbs produce wood or woody 
fibre, and of this substance you know that their chief bulk consists. 
Again, all the grains and roots you cultivate contain starch in large 
quantity, and the production of this starch is one of the great objects of 
the art of culture. The juices of trees, and of grasses, and of cultivated 
roots, contain sugar and gum, and sometimes in such quantity as to 
make their extraction a source of profit both to the grower and to the 
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manufacturer. The flour of grain contains sugar also, and along with it 
two other substances, in small quantity, gluten and vegetable albumen, 
which are of much importance in reference to the nutritive qualities of 
the different varieties of flour. Sugar is also present in the juices of 
fruits, but it is there associated with various acid (sour) substances 
which disappear to a certain extent or change into sugar as the fruit 
ripens. 

Of these few substances the great bulk of vegetables of all kinds con- 
sists- They constitute nearly the whole mass of those various crops 
which the art of culture studies to raise for the use of man and beast. 
To the study of these substances, therefore, [ shall at present confine 
your attention, and if I shall afterwards be able to make you under- 
stand how these few compound bodies are produced in the interior of a 
plant from the food it takes up, I shall sueceed in conveying to you as 
much information in regard to this most interesting branch of our subject 
as will be necessary to a general explanation not only of the natural 
growth and increase of plants, but of the nature and efficacy of those 
artificial means which the practical farmer employs, in order to hasten 
their growth or enlarge their increase. 


§1. Woody fibre or lignin—its constitution and properties. 

1°. When a portion of the stem of a herbaceous plant, or of the new- 
ly cut wood of the trunk or branch of a tree, is reduced to small pieces, 
and boiled in successive portions of water and alcohol, as long as any 
thing is taken up, a white fibrous mass remains, to which the name of 
woody fibre or lignin has been given. This substance has no taste or 
smell, and is perfectly insoluble in water. It is nearly identical in its 
chemical constitution and properties, whether it be obtained from the 
porous willow, or from the solid box tree, and the fibres of linen and of 
cotton consist essentially of the same substances. 

According to the analysis of Dr. Prout, this woody fibre when dried 
at 350° F., consists of 


From Box Wood. From the Willow. 
@arhoul usceewe sus ai 50s0 49-8 
Hydrogen iia ies ©) 6255" 9 5) 5°58 
Oxyzen”. 9). . “44°45 44-62 
100 100 


It will be recollected that water consists of oxygen and hydrogen, 
combined in the proportion, by weight, of 8 of the former to 1 of the lat- 
ter. (See Lecture II., p. 36.) Now if the hydrogen above given be 
multiplied by 8, the product will be found to be almost exactly the 
weight of the oxygen given—since 

5°55 X 8 = 44-40, and 

5°58 X 8 = 44°64. 
In woody fibre, therefore, the hydrogen and oxygen exist in the same 
proportion as in water, and its composition, therefore, might be repre- 


sented by 
CanDODievin Annee ain wiles edt coxnescOUld 
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did we not know that woody fibre, when heated or distilled, cannot be 
resolved into carbon (charcoal) and water alone, and, therefore, cannot 
be supposed to consist of these alone. 

It is aremarkable character of this substance, however, that these two 
elements, hydrogen and oxygen, exist in it in the proportions to form 
water, and we shall find the knowledge of this fact of great importance 
to us, when we come to inquire how this constituent of vegetables is 
formed—from the food on which they live. 

2°. Ifa portion of the wood of a tree be dried and analyzed without 
being previously digested in water, alcohol, and ether, as long as any 
thing is taken up, the proportion of the constituents is found to vary 
slightly with the species of tree, but in all cases the hydrogen is in larger 
quantity than is necessary to form water with the oxygen they contain. 
Thus, according to Payen, the dry wood of the following trees consists of 


Ebony. Walnut. Oak. Beech. 
Carbon pyovl=a wo eeo 51°92 50:00 49°25 
Hydrogen . . 6:00 5 96 6°20 6:10 
Oxygen...) +») 41:15 42°12 43-80 44°65 . 
100 100 100 100 


The carbon in these several kinds of wood differs as much as three 
per cent., but in each of them the product of the hydrogen, when multi 
plied by 8, is considerably greater than the per centage of oxygen. 

3°. When the solid substance of wood is examined under the micro- 
scope it is observed to consist of two portions or kinds of matter, that of 
which the original sides of the cells and tubes is composed, called the 
cellular matter—the true woody fibre—and of a solid substance by which 
the cells are internally coated and strengthened, called the zncrusting 
matter. It isin this latter substance that the excess of hydrogen, exhi- 
bited by the preceding analysis, is supposed to exist, the true woody 
fibre containing always the hydrogen and oxygen in the proportions ne- 
cessary to form water.* 


* Payen at first considered this incrusting matter as a peculiar substance, for which he 
proposed the name of sclerogene. His first mode of separating it from the cellular matter 
was by treating the finely rasped wood (of the oak and beech) with nitric acid, which dis- 
solved out the incrusting matter and left the cellular matter behind. His second mode was 
to digest the wood with dilute sulphuric acid, by which the cellular matter was dissolved 
out, and the incrusting matter left. It is obvious, however, that no reliance whatever can be 
placed on the analyses of substances so treated, since they cannot fail to have undergone a 
chemical change by being exposed to the action of these strong acids. Further examination 
has satisfied Payen that the incrusting matter consists of at least three substances, of which 
one is soluble in water, alcohol, and ether, another in alcohol only, while the third is insolu- 
ble in any of these liquids. They are composed, according to his analyses, of 


Soluble in Soluble in 
Insoluble. alcohol only. water and alcohol. 
Carbon 5 Z 0 48 62:'8 68°53 
Hydrogen . ¢ 6 6 59 7:04 
Oxygen. 2 AG 31:3 24-43% 
100 100 100 


It is impossible to say how far the substances analysed by Payen are to be considered as 
pure, or as actually existing in the pores, or in the incrusting matter of the woody fibre, but 
it is obvious that the presence of a variable quantity of such substances will necessarily 
cause that excess of hydrogen, in the entire wood, which appears in the analysis of the ebo- 
ny, walnut, oak, and beech woods, given in the text. That such an excess of hydrogen 
above what is necessary to formr water with the oxygen, does exist in the wood of most trees 


{* Meyen’s Jahresbericht, 1839, p. 10.] 
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It is exceedingly difficult in any case to separate the cellular from the 
incrusting matter of wood, so as to obtain the means of determining by 
analysis the exact difference in their elementary constitution. Under 
the impression that in very light and porous substances he should ob- 
tain the cellular matter in a purer form, Payen analysed the fibre of 
cotton—the pith of the elder, the cellular substance of the cucumber, of 
the mushroom, and of other fungi, the spongy matter which forms the 
extremities of the roots of plants, and various other similar substances, 
and in all these varieties he found the hydrogen and oxygen to exist in 
the proportions to form water. The mean of his analyses was very 
nearly as follows—which for the purpose of comparison [I shall contrast 
with that of Dr. Prout: 


Woody fibre of box and Cellular matter of vascu- 
: willow—Dr. Prout. lar plants—Payen. 
Carbons hic 2450-00 44-80 
Hydrogen . . 5°55 6-20 
Oxygen . . . 44:45 49-0 
100 100* 


In both these analyses the hydrogen is very nearly 8 times that of 
the oxygen. All these substances, therefore, may be represented by 
earbon and water, though the woody fibre of Dr. Prout contains 5 per 
cent. more carbon than the cellular matter of Payen. 

If we calculate the number of equivalents of each element contained 
in these two varietiest of vegetable fibre composed as above exhibited, 
we find inthe one 12 of carbon, 8 of hydrogen, and 8 of oxygen; in 
the other, 12 of carbon, 10 of hydrogen, and 10 of oxygen. They may. 
therefore, be conveniently represented by the following formule : 

Woopy Figre, .. «+ jby Cy. Hy .C, 
CenLLuLaR Fipre. ..~ by Cyo Hy Cyo 

It is not unlikely that both of these forms of matter may exist, as 
well in the perfect wood of trees as in the less consolidated pith of the 
elder, or in the fibres of cotton—and that they may occur intermingled 
also in varying proportions with other substances, containing hydrogen 
in excess.} 


in its natural state, is a fact to which it will be important to advert when we consider here. 
after the chemical changes which the food undergoes in the interior of the plant. 


* Meyen’s Jahresbericht, 1839, p. 10. 
t This is done very simply by dividing the carbon by 6, and the oxygen by 8 (see page 


36), thus— 
Carbon - - - 50+—6=8°33 ( which numbers ? 12 
Hydrogen - - 5°55 = 5°55 are to each 8 
Oxygen - - -4445+8—= 555 other as ( 8 


t The existence of a variety of cellular fibre identical in constitution with common starch, 
as this of Payen is, (see subsequent section, p. 106,) was previously rendered probable by 
the observations of Dr. Schleiden, that the embryo of the Schotia latifolia, consisting of 
pores and vessels, the sides of which exhibit distinct concentric layers, is entirely soluble 
in water, with the exception of the outer rind; and that its solution becomes blue on the 
addition of iodine. It would = ar as if the cellular snbstance were in this case wholly 
composed of Starch. (Poggendorf’s Annalen, xiiii., p. 398.) It may, however, be in sucha 
state of tenuity in the embryo of this plant, as to be easily changed into starch by the action 
of hot water; and it is still by no means certain that the cellular fibre analyzed by Payen 
may not also have undergone a change by the treatment to which it was previously subject- 
ed. Iam unable, however, to speak decidedly on this subject, as I have not seen the de- 
tails of M. Payen’s several papers. (See subsequent section, on the mutual transformations 
of woody fibre, starch, gum, and sugar, p. 112.) 
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I have spoken of these varieties of woody fibre as constituting a large 
portion of the entire mass of vegetable matter produced during the 
growth of plants. That such is the case in the more gigantic vegetable 
productions, of which the great forests consist, is sufficiently. evident 
and so far the general statement is easily seen to be correct. It is alsc 
true of the dried stalks of the grasses and the corn-growing plants, of 
which it forms nearly one-half the weight,—but in roots and some 
plants which are raised for food, the quantity of woody fibre, especially 
in the earlier stages of their growth, is comparatively small.* Thus in 
the beet root it forms only 3 per cent. of the whole weight when taken 
from the ground. If suffered to remain in the soil till it becomes old, 
or if the growth be very slow, the beet becomes more woody, as many 
other roots do, and the quantity of ligneous fibre increases. 


§ 2. Starch—its constitution and properties. 


Next to woody fibre, starch is probably the most abundant product of 
vegetation. ‘To the agriculturist it is a substance of much more interest 
and importance than the woody or cellular fibre, from ihe value it pos- 
sesses as one of the staple ingredients in the food of man and animals— 
and from its forming a large portion of the weight of the various grains 
and roots which are the principal objects of the art of culture. 

1°. When the flour of wheat, barley, oats, Indian corn, &c., is mixed 
up into a dough with water, and this dough washed on a linen cloth 
with pure water, a milky liquid passes through, from which, when set 
aside, a white powder gradually falls. This white powder is the starch 
of wheaten or other flour. 

2°. When the pith of the sago palm is washed, in a similar manner, 
with water upon a fine sieve, a white powder is deposited by the milky 
liquid which passes through. This, when collected, forced through a 
metal sieve to granulate (or corn) it, and dried by agitation over the 
fire, is the sago of commerce. 


* The following table shows the per centage of woody fibre contained in some commogr 
plants in the green state, and when dried in the air, and at 212°: 
IN THE GREEN STATE. 
Dried inthe air. Dried at 212°. Woody fibre. Water. 


percent. per cent. percent. percent. 
Barley straw, ripe - - - - 50 _— — — 
Oat straw, GOs terre = ce nat 47 — — 
Maize straw, do. - - - - - 2&4 -- — — 
Stalks of the field pea- - - - — _ 1034 80 
Field bean straw - - - - - Ol _ _— _— 
White turnip os) seis ce — 3 92 
Common beet (beta vulgaris) —_ — 3 86 
Young twigs of common furze- — _— 2A 50 
Rape straw, ripe- - - - - - — 55 12 77 
Tare straw, do.- - - - - - 37 — — — 

Vetch plant(v. sativa) - - 42 — 104 77% 
Do. (v. cracea) in flower — _— 5% 68 
Do. (v. narbonensis) do. — — IL% 80 
White lupin, in flower, - - - — — vA 86 
Lucerne, in flower, - - - - — _ 9 73 
Rye grass, do. - - - -_— _ ll 68 
Red clover, do.- - - - - — _ 7 79 
White clover, do.- - - - - — — 4% 81 
Trefoil(medium)do. - +--+ — _ 84% 73 
Sainfoin (esparsette) - - - - — -- 7 76 
Trefoil (agrarium) in flower - — =_ 12 68 
Do. (rubens) do. Pa ed _ 15 60 
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3°. When the raw potato is peeled and grated on a fine grater, and 
the pulp thus produced well washed with water, potato starch is ob- 
tained in the form of a fine white powder, consisting of rounded, glossy 
and shining particles. 

4°, When the roots of the Maranta Arundinacea of*the West India 
Islands are grated and washed like the potatoe, they yield the arrow 
root of commerce. From the root of the Manioc, the cassava is pro- 
cured by a similar process, and this, when dried by agitation on a hot 
plate, is the tapioca of the shops. By this method of drying, both sago 
and tapioca undergo a partial change, which will be explained in a sub- 
sequent section (see p. 113.) 

‘The substances to which these several names are given are, when 
pure, similar in their properties, and identical in their chemical consti- 
tution. They are all colourless, tasteless, without smell, when dry 
and in a dry place may be kept for any length of time without under- 
going alteration, are insoluble in cold water or alcohol, dissolve readily 
in boiling water, giving a solution which gelatinizes (becomes a jelly) 
on cooling—and in a cold solution of iodine* they all become blue. 

When dried at 212°, they consist, according to Dr. Prout, with whose 
analysis those of other chemists agree, of 

Carbon .. - . . 44:0 percent., or 12 atoms. 

Hydrogen . . . . 6:2 percent., or 10 atoms. 

Oxygen . . . . . 49°83 per cent., or 10 atoms. 
100 

Starch, therefore, may be represented by the formula Cy. Hyo9 Oyo, 
which is identical with that deduced in the preceding section for the 
cellular fibre of Payen. Both substances, therefore, contain the same 
elements (carbon, hydrogen and oxygen), united in the same propor- 
tions, and in both, as well as in the common fibre of wood, the hydrogen 
and oxygen exists in the proportion to form water. 

That starch constitutes a large portion of the weight of grains and roots, 
usually grown for food, will appear from the following table, which ex- 
hibits the quantity present in 100 lbs. of each substance named ; 

Starch per cent. 

I NGAE DONE Sy te Staite tare ahr Go MO gad 
PEN ey si tlk \agliviay Cait new wate ae, A, tee 
DE Seti d” (aap hana eei td eyo) alah aryel « sOWs, Chemo 
Matinee VA A OS ed ea OP tet BO 
ice Hah 2052 Ftv) ates bial, Glee vel el fa 
WEIL) eo riis Wack sR, SE at Peal al Mul atrie 1OysO 
Backerneal | Siiwics, Gy aks at) se Lae 

Peagnd bean meali s) gyi 3 'Y. % saan 42-00 43 
Potatoes, containing 73 to 78 of water, Spalagloy LD 


It thus exists most largely in the seeds of plants, and in some roots. 
It is frequently deposited, however, among the woody fibre of certain 
trees, as in that of the willow, and in the inner bark of others, as in 


* Iodine is a solid substance, of a lead-grey colour, possessed of a peculiar powerful 
odour, and forming when heated a beautiful violet vapour. It exists in small quantity in sea 
water, and in some marine plants. Its solution in water readily shows the presence of 
starch, by the blue colour it imparts to it. 
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those of the beech and the pine.* Hence the readiness with which a 
branch of the willow takes root and sprouts, and hence also the occa- 
sional use of the inner bark of trees for food, especially in northern coun- 
tries, and in times of scarcity. In some roots which abound in sugar, 
as in those of the beet, the turnip, and the carrot, only 2 or 3 per cent. 
of starch can be detected. 


§ 3. Gum—its constitution and properties. 


The variety of gum with which we are most familiar is gum arabic, 
or senegal, the produce of various species of acacza, which grow in the 
warmer regions of Asia, Africa, and America. It exudes from the 
twigs and stems of these trees, and collects in rounded more or less 
transparent drops or tears. It is also produced in smaller quantities in 
many of our fruit trees, as the apple, the plum, and the cherry ; it is 
present in some herbaceous plants, as inthe althea and malva officinalis 
(common and marsh mallow); and it exists in lint, rape, and many 
other seeds. When treated with boiling water these plants and seeds 
give mucilaginous solutions. 

Many varieties of gum occur in nature, but they are all characterised 
by being insoluble in alcohol, by dissolving or becoming gelatinous in 
hot or cold water, and by giving muctlaginous—viscid and glutinous— 
solutions, which may be employed as a paste. 

Three distinct species of gum have been recognised by cheniists : 

1°. Arabin—of which gum arabic and gum senegal almost entirely 
consist. It is readily soluble in cold water, giving a viscid solution, usu- 
ally known by the name of the mucilage of gum arabic. 

2°. Cerasin—which exists in the gum of the cherry-tree. It is inso- 
luble in cold water, but dissolves readily in boiling water. When thus 
dissolved it may be dried without losing its solubility, and is therefore by 
boiling supposed to be changed into arabin. 

3°. Bassorin—existing in what is called bassora gum—and forming 
a large portion of gum tragacanth.f It swells and becomes gelatinous in 
cold water, but does not dissolve in water either cold or hot. 

By these characters, the three kinds of gum are not only readily dis- 
tinguished, but may be easily separated from each other. Thus if a 
native gum or an artificial mixture contain all the three, simple steeping 
in and subsequent washing with cold water, will separate the arabin— 
boiling water will then take up the cerasin, and the bassorin will remain 
behind. 

These different kinds of gum all possess the same chemical constitu- 
tion. According to the analyses of Mulder, they consist of 

Carbon .°. .° 45:10 per cent., or 12 atoms. 
Piydrogen’* .*¥.\" .6:10 \ % i) ape eg 
. Oxysen 2 2)" "48-807" © « Or 08a r 
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* Its presence is readily detected in such wood by a drop of the solution of iodine—which 
gives a permanent blue to starch, but to the woody fibre only a brownish stain. 


t This gum exists along with starch in the roots of the various species of orchis, especially 
of those which are used for making salep (Meyen). 


Berzelius Arsberattelse, 1839, p. 443. 
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In these analyses, as in those of starch and woody fibre, we see that 
the per centage of oxygen is equal to that of the hydrogen multiplied by 
8, and consequently that these two elements are, as already stated, in 
the proportion to form water. But we see also that the carbon is in the 
proportion of 12 atoms or equivalents to 10 of each of the other con- 
sutuents, and therefore gum may be represented by C,, H,,0,,—a 
formula which is identical with that already given for starch and cellu- 
lar fibre. 

Itappears, therefore, that notonly may gum, starch, and cellular fibre be 
represented by carbon and water, but that they all consist of carbon and 
the elements of water, united together in the same proportions. 

Gum not only exists in many seeds, and exudes as a natural product 
from the stems and twigs of many trees, but is also contained in the 
juices of many other trees, from which it is not known to exude ; and in 
the sap of most plants it may be detected in greater or less quantity. It 
may be considered, indeed, as one of those substances which are pro- 
duced most largely and most abundantly in the vegetable kingdom, 
since, as will hereafter appear, it is one of those forms of combination 
through which organic matter passes in the interesting series of changes 
it undergoes during the development and growth of the plant. 


§ 4. Of Sugar—its varieties and chemical constitution. 


1°. Cane Sugar.—Sugar, identical in constitution and properties with 
that obtained from the sugar-cane, and generally known by the name of 
cane-sugar, exists in the juices of many trees, plants, and roots. In the 
United States of North America the juice of the maple tree is extensive- 
ly collected in spring, and when boiled down yields an abundant supply 
of sugar. In the Caucasus that of the walnut is extracted for the same 
purpose. The juice of the birch also contains sugar, and it may be ob- 
tained, in lesser quantity, from the sap of many other trees. In the 
juice of the turnip, carrot, and beet, it is also present, and in France and 
Germany the latter root is extensively cultivated for the manufacture of 
beet sugar, In the unripe grains of corn, at the base of the flowers of 
many grasses and clovers when in blossom, and even in many sinall 
roots, as in that of the quicken or couch-grass (triticum repens), the pre- 
sence of sugar may likewise be readily detected. 

Sugar is principally distinguished by its agreeable sweet taste. 
When pure, it is colourless and free from smell. It dissolves readily 
in alcohol and in large quantity in water. The solution in water, when 
much sugar is present, has an oily consistence, and is known by the name 
of syrup. From this syrup the sugar gradually deposits itself in the 
form of sugar candy. Ifthe syrup be boiled on too hot a fire, it chars 
slightly, becomes discoloured, and a quantity of molasses is formed. 
Pure cane-sugar, free from water, consists of 

Carbon . . . 44:92 per cent., or 12 atoms. 
Eivarogen’.... ~26*E) 3 OF, 1Q+,,:* 
Oxygen . . - 48-97 ge OAD cy $4 
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If we compare these numbers with those given for starch and gum in 
the preceding sections, we see that they are almost identical—so that 
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- cane-sugar also coatains oxygen and hydrogen in the proportions to form 
water, and may likewise be represented by the formula C,. Hyp Ojo- 
2°. Grape sugar.—lIn the juice of the grape a peculiar species of su- 
gar exists, which, in the dried raisin, presents itself in the form of little 
rounded grains. The same kind of sugar gives their sweetness to the 
gooseberry, the currant, the apple, pear, plum, apricot, and most other 
fruits. It is also the sweet substance of the chesnut, of the brewers’ 
wort, and of all fermented liquors, and it is the solid sugar which floats 
in rounded grains in liquid honey, and which increases in apparent 
quantity as the honey, by keeping, becomes more and more solid. 
Grape sugar has nearly all the sensible characters of cane sugar, with 
the exception of being less soluble in water and also less sweet,—2 parts 
of the latter imparting an equal sweetness with 5 of the former. 
In chemical constitution they differ considerably. Thus grape sugar 
dried at 250° F., consists of 
Carbon . . . 40-47 per cent., or 12 atoms. 
Hydrogen *.'. ‘6:59 ss Cu) de 
Oxygen: ye. 5294 ‘ Orde 
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The oxygen here is still eight times greater than the hydrogen, ana, 
therefore, in this variety of sugar also, these elements exist in the pro- 
portions to form water. But for every 12 equivalents of carbon, dry 
grape sugar contains 12 of hydrogen and 12 of oxygen. It is conse- 
quently represented by C,, H,. O,2, and contains the elements of two 
aioms of water (H, O,) more than cane sugar.* 

3°. Manna sugar, sugar of liquorice, §:c.—Besides the cane and grape 
sugars which occur in large quantity in the juices of plants, there are 
other varieties which occur less abundantly, and are therefore of less in- 
terest in the study of the general vegetation of the globe. Among these 
is manna, which partly exudes and is partly obtained by incisions from 
certain species of the ash tree which grow in the warmer countries of 
Southern Europe (Sicily and Italy), and in Syria and Arabia. It also 
exists, it is said, in the Juice of the larch tree, of common celery, and of 
certain trees which are met within New South Wales. Liquorice root 
also contains a species of black sugar, which is known in this country 
under the names of Spanish and Italian juice, from the countries where 
itis grown. Inthe mushroom and other fungi a colourless variety, ap- 
parently peculiar, has also been met with,—and milk owes its sweet- 
ness to a species of sugar formed in the interior of the animal along with 
the other substances which the milk contains. 

These several kinds of sugar differ more or less, not only in sensible 
and chemical properties, but also in chemical constitution, from the more 
abundant cane and grape sugars—but they form too small a part of the 
general products of vegetation, and are of too little consequence in practi- 


* Solutions of cane and grape sugar are readily distinguished from each other by the fol- 
lowing chemical characters:—l. If the solution be heated and a few drops of sulphuric acid 
then added, cane sugar will be decomposed, blackened, and made to fallas a black or brown 
powder—while a solution of grape sugar will at the most be only slightly discoloured. 2. If, 
instead of sulphuric acid, caustic potash be employed, the cane sugar will be unchanged, 
while the grape sugar will be blackened and thrown down. 
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cal agriculture to render it necessary to do more than thus shortly ad- 
vert to their existence.* 


§ 5. Mutual relations of woody fibre, starch, gum, and sugar. 


It may be interesting now to consider for a moment the mutual reia- 
tions of the several substances, woody fibre, starch, gum, and sugar— 
above described—which occur so largely in the vegetable kingdom, and 
are serviceable to man for so many different purposes. These relations 
will be best seen on comparing the formule by which they are respec- 
tively represented. Thus— 

Woopy Fisre (lignin) is represented by C,, H, Og 
CreLLULAR Frere (according to Payen) by Cy2 Hig Oro 


Srarcu (dried at 212° F.) by Cx TAG Gh On 
Gum (any of the 3 varieties) by Ciz2 Hio Oro 
Cane Sugar (free from water) by Cie Hio O1o0* 


GrarE Sucar (dried at 130° F.) by Cie Hie Ore2t 

In these formule we observe— 

1°. That the eqivalents of the oxygen are equal to those of the hydro- 
gen in all the formule, and, therefore, that all these substances may be 
supposed to consist of carbon and water. 

2°. The formule for cellular fibre, starch, gum, and cane sugar, are 
identical. They consist of the same elements united together in the same 
proportions. 

This is one of those facts which not only appear very remarkable to 
the unlearned, but are scarcely capable of being clearly comprehended 
and explained, even by those who have most profoundly studied this 
branch of natural science. Starch and sugar—how different their 
properties! how unlike their uses! how unequal their importance to the 
human race! yet they consist of the same weights of the same substances, 
differently conjoined. The skilful architect can put together the same 
proportions of the same stone and cement—and the painter can combine 
the same colours so as to produce a thousand varied impressions on the 
sense of sight. In the hand of Deity matter is infinitely more plastic. 
At His bidding the same particles can unite in the same quantity so as 
to produce the most unlike impressions—and on all our senses at once. 

3°. A knowledge of the above close relations in composition, among 
a class of substances occurring so abundantly in the vegetable kingdom, 
imparts a degree of simplicity to our ideas of this otherwise complicated 
subject. It does not appear so mysterious that we should have woody 
fibre, and starch, and guim, and sugar, occurring together in variable 
quantities, when we know that they are all made up of the same ma- 
terials, in the same or nearly the same proportious—or that one of these 
should occasionally disappear from a plant, to be replaced in whole or 
in part by another. 


* Fora list of plants from which sugar has been extracted, see Thomson’s Organie Chemis- 
try (1838), p. 647. 

+ Crystallized cane sugar (sugar candy) loses 53 per cent. of water in favourable circum- 
stances. This is equal to one equivalent (HO), so that if dry sugar be C12 Hio O10, crystallized 
sugar is © 2 Hii O11—or Ciz H:0 O10++ HO, since there is no doubt that this one equivalent of 
the hydrogen and oxygen exists in crystallized sugar in the stale of water. Jn like manner, 
crystallized honey or grape sugar—as it occurs in honey or in the dried grape—loses 9 per 
cent. of water when heated to 2509 F. This is equal to two equivalents (2HO), so that crys: . 
tallized grape sugar is represented by Ci2 Hud O14 or Clo Wti2 O1s4-2HO. 
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A further question, however, arises in our minds. We naturally ask, 
—does nature, in thus removing one of these compounds, and supplying 
its place by another, actually form from its elements the new substance 
introduced, or does she produce it by a mere change or transformation 
of those previously existing. A satisfactory reply to this question may 
be derived from the facts detailed in the following section. 


§6. Mutual transformations of woody fibre, starch, gum, and-sugar. 


I.—WOODY FIBRE. 


1°. Aclion of heat.—If wood be reduced to the state of fine saw-dust, be 
then boiled in water to separate everything soluble, afterwards dried by 
a gentle heat, and then heated several times in a baker’s oven, it will be- 
come hard and crisp, and may be ground inthe millintoa fine meal. The 
powder thus obtained is slightly yellow in colour, but has a taste and 
smell similar to the flour of wheat; it ferments when made into a paste 
with yeast or leaven, and when baked gives a light homogeneous bread. 
Boiled with water, it yields a stiff tremulous jelly, hke that from 
starch (Autenrieth.—Schiibler, Agricultur Chemie, i., p. 224.) By the 
agency of heat, therefore, it appears that the woody fibre may be changed 
into starch. 

2°. Action of sulphuric acid.—TIf to three parts of the sulphuric acid 
of the shops (oil of vitriol) one part of water be added, and a portion of 
delicate woody fibre be immersed in it for half a minute, and the whole 
then rubbed in a mortar with a few drops of a solution of iodine—the 
woody fibre will assume a blue colour, showing that it is in part at least 
changed into starch* (Schleiden). 

Again, if three parts of fine saw-dust or of fragments of old linen be 
rubbed in a mortar with four of the sulphuric acid of the shops added 
by degrees—it will, in a quarter of an hour, be rendered completely so- 
luble in water. If the solution in water be freed from acid by chalk, and 
then evaporated, a substance resembling gum arabic is obtained (Bra- 
connot). According to Schleiden, the fibre may be seen under the mi- 
croscope gradually to change from without inwards, first into starch and 
then into gum. 

Further, if this gum be digested with a second portion of sulphuric 
acid diluted with 8 or 10 times its weight of water, it will be gradually 
converted into grape sugar ; or the fibre of wood or linen may be changed 
directly into sugar by the prolonged action of dilute sulphuric acid. 

3°. Action of potash.—lf saw-dust be mixed with from two to eight 
times its weight of hydratet of potash and as much water, and boiled 
till a crust forms on the surface, and if dilute sulphuric acid be ther added 
till the whole is slightly sour, the undestroyed woody fibre will give an 


” It will be recollected that starch is characterized by giving a blue colour witha solution of 
iodine (see p. 107). 

The simplest way of trying this experiment is, to take a quantity of clean cotton—to wet 
it with water, squeezing out again as much as possible—then to spread it out upon a flat dish 
and moisten it quickly and thoroughly with the acid diluted as above. After half a minute, 
add the solution of iodine, stir quickly with a glass rod, and immediately add water, when 
ue blue compound of iodine and starch will speedily deposit itself. —(Schleiden, Pog. Annal., 
xliii., p. 396.) 


t Hydrate of potash is the caustic substance which is obtained by boiling common pear!- 
ash with quick lime. 


* 
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instantaneous deep blue on the addition of iodine, showing that starch 
has been formed. 

‘Woody fibre, therefore, may be changed into starch, either by the un- 
aided action of heat, by that of sulphuric acid, or by boiling with caustic 
potash,—and the starch thus produced may be further transformed, first 
into gum and then into grape sugar, by the prolonged action of dilute 
sulphuric acid, assisted by a moderate heat. 


Ii. STARCH. 


1°. Action of heat-——When flour, potato, or arrow-root starch is 
spread out upon a tray, then introduced into an oven and gradually 
heated to a temperature not exceeding 300° F., it slowly changes, ac- 
quires a yellow or brownish tint according to the temperature employed, 
and becomes entirely soluble in cold water. It is changed into gum. 
Under the names of starch-gum, or British-gum, this substance is large- 
ly manufactured in this country, and is successfully substituted for gum 
arabic by the calico-printers in thickening many of their colours.* 

The gum thus prepared not unfrequently also possesses a sweet taste, 
from the further change of a portion of the gum into sugar. 

2°. Action of water.— When starch is dissolved in boiling water, and 
is then allowed to stand in the cold either in a close vessel or exposed to 
the air, it gradually changes into gum or sugar. The process, however, 
is slow, and months must elapse before the whole of the starch is thus 
spontaneously transformed in the presence of water (De Saussure). It 
takes place more rapidly when starch and water are boiled together for 
a length of time. 

3°. Action of sulphuric acid.—F rom what has been already stated in 
regard to the action of this acid on woody fibre it will readily be supposed 
that native starch, of any variety, is likely to undergo transformation 
when subjected to its influence. 

In reality, if 50 parts of starch, 12 of sulphuric acid, and 139 of water 
be taken, and if the starch be thoroughly moistened with a portion of the 
water, and then poured into the mixture of the acid with the remainder 
of the water, and heated to 190° F., the starch will be entirely convert- 
ed into gum. By further and more prolonged heating this gum is 
changed into grape sugar. The gum or sugar may be obtained in a 
separate state by adding to the solution either chalk or lime, which will 
combine with and carry down the acid.+ One hundred pounds of starch 
treated in this way will yield from 105 to 122 lbs. of dry grape sugar, 

The rapidity with which this transformation takes place depends 
partly upon the temperature and partly upon the proportion of acid em- 
ployed. “Chus 100 Ibs. of starch mixed with 600 of water and 10 of 
sulphuric acid, will be converted into grape sugar by boiling for seven 
hours. If by increasing the pressure the temperature be raised to 250° 
F., the transformation will be effected in a few minutes. With only one 


* During the baking of bread this corversion of starch into gum takes place to a consi‘der- 
able extent. Thus Vogel found that flour which contained no gum gave, when baked, a 
bread of which 18 per cent., or nearly one fifth of the whole weight, consisted of gum. 
Thus one ef the effects of baking is to render the flour-starch more soluble, and therefore (?) 
more easily digestible. 

t It forms gypsum with it (sulphate of lime) whichis a compound of lime and sulphuric 
acid 
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pound of acid and the same quantity of starch and water, the change 
will be effected in three hours by a temperature of 230° F. This mode 
of converting potato starch into grape sugar is said to be extensively 
practised in France, for the purpose of subsequently fermenting the 
sugar and converting it into brandy. 


Ill. GUM. 


Action of sulphuric acid.—If powdered gum arabic be rubbed in a 
mortar with the sulphuric acid of the shops, a brownish solution is ob- 
tained, which, when diluted with water and treated with chalk, yields a 
gummy substance similar to that obtained in the same way from starch 
and woody fibre. Prolonged digestion with diluted acid converts a por- 
tion of this gum into sugar.—[Berzelius, T'raité de Chemie, (1831), v.5 
p- 217.] 

IV.—CANE SUGAR. 

1°. Action of heat.—When crystallized cane sugar is heated to 320° 
F. it melts, and if the temperature be raised to 360° F’. it gives off two 
atoms of water and is changed into caramel. This caramel is an un- 
crystallizable sugar, which is generally present in artificial syrups, and 
is often of a brownish colour. It contains the elements of an atom of 
water less than cane sugar, and is represented by C,. Hy Og. Itis 
not known to occur in the natural juices of plants. 

2°. Action of sulphuric acid.—When cane sugar is digested with di- 
lute sulphuric acid, aided by a gentle heat, it is rapidly converted into 
grape sugar. The acid of grapes (tartaric acid) and many other vege- 
table acids produce a similar change. 

It is obvious that this conversion of cane into grape sugar can only 
take place in the presence of water, inasmuch, as has already been 
shown (p. 110), grape sugar contains the elements of two atoms of water 


more than cane sugar, or 
Cane sugar. Water. Dry grape sugar. 


Cis Hiy 0,,+2HO =C,. Hy. O12: 


We may revert now to the question with which we concluded the 
preceding section. Since these different substances are so closely allied 
in chemical constitution, and occur so often in connection with each 
other in the vegetable kingdom, does nature, when her purposes demand 
the change, actually transform them, the one into the other, in the inte- 
rior of the plant?) The answer may now be safely given, that she cer- 
tainly does. What we can so readily perform by our rude art may be 
still more easily effected in the living vegetable. That which is starch 
or gum in one part of the plant, may become cane or grape sugar in 
another, and woody fibre in a third. Thus by re-arranging the same 
kind and quantity of the several elements, may the various and unlike 
forms of matter which constitute the main products of vegetation be 
readily produced. . 


Still the facility is only apparent. We can assure ourselves of the 
fact of such conversions, because we can at will induce them. But who 
Operates upon these substances in the interior of the plant? Whose 
mind and will directs these changes—prescribing when, where, and in. 
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what order they shall take place? How much depends upon the re- 
fined and little understood mechanism of the vegetable structure—how 
much on the living principle itself! What is this living principle— 
how can zt direct !* 


% 


§ 7. Of the fermentation of starch and sugar—and of the relative circum- 
stances under which cane and grape sugars generally occur in nature. 


It will be of use to us, in connection with the above transformations, 
to advert to the property possessed by starch and nearly all the known 
varieties of sugar of entering into fermentation under favourable cir- 
cumstances. When flour is made into a paste with leaven or yeast it 
begins to rise and ferment,—sooner or later, according to the kind of 
flour and the quantity of ferment added. When to a decoction of malt 
or to a solution of starch or of cane or grape sugar in water, a portion of 
veast is added, fermentation is speedily induced ; and if not arrested by 
nofavourable circumstances it will continue until the whole of the 
starch or sugar disappears. 

In all these cases itis grape sugar alone that undergoes fermentation. 
[Rose, Poggen. Annal., lii., p. 297.] _Thestarch of the moist dough or 
of the solution is partially transformed into grape sugar before fermenta- 
tion commences. Such is the case also with the decoction of malt and 
with cane sugar. ‘The fermentation commences soon after the first por- 
tion of grape sugar is formed, and proceeds more or less rapidly accord- 
ing as this transformation is more or less speedily effected. Hence, in 
the art of brewing, the necessity of cautiously regulating the tempera- 
ture by which this change of the starch and sugar is promoted and hast- 
ened. 

The fermentation itself is the result not of a mere transformation of 
one form of matter into another having the same elementary constitu- 
tion, but of a decomposition of one substance into two others unlike itself 
either in properties or in chemical composition. The grape sugar is re- 
solved into alcohol (spirits of winé), which remains in the liquid, and into 
carbonic acid, which escapes in the form of gas and causes the fermen- 
tation. Thus alcohol being represented by C, H, Oz, and carbonic acid 
by CO,, 


2 of alcohol = C, H,, O, and 
4 of carbonic acid Say, O, make up 
1 of grape sugar a OE ao aha op 


It is an interesting fact that the cane and grape sugars occur in na- 
ture in circumstances which are entirely consistent with the statement 
in the preceding section, regarding the action of acids on the former 
variety of this natural product. Fruits contain grape sugar, which in- 
creases in quantity as they ripen or become less sour. In the sugar 
cane, the beet root, and the maple and birch trees, cane sugar exists, 
but in their juices no acid is associated with the sugar. On the contra- 
ry, ammonia is known to be present in most of them along with the 
cane sugar. Hence it is inferred, that as in our hands and in our exper- 
iments cane sugar is changed by the agency of acids into grape sugar, and 


* “Qanst thou by searching find out God—Canst thon find out the Almighty unto perfection?” 
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with remarkable ease by that acid which exists in the ripe grape, so it is 
in the interior of plants. Where sugar occurs in connection with an acid 
in the juice of a plant, it is.grape sugar in whole or in great part, be- 
cause in the presence of an acid body cane sugar cannot permanently ex- 
ist, but is gradually transformed into the sugar of grapes. It thus ap- 
pears also why fruits so readily enter into fermentation, and why, even 
when preserved with cane sugar, they will, in consequence of the acid 
they retain, slowly change the latter into grape sugar, and thus induce 
fermentation.* 


§ 8. Of substances which contain Nitrogen.—Gluten, Vegetadle 
Albumen, and Diastase. 


The substances described in the preceding sections consist of carbon, 
hydrogen, and oxygen only, and of them the great bulk of the vegeta- 
ble productions of the globe consists. But there are certain other sub- 
stances occurring along with starch and sugar, into which nitrogen enters 
as a constituent, and which, though not formed in the vegetable king- 
dom in very large quantity, are yet of such interest and importance in 
other respects, as to make it necessary shortly to advert to them. 

1°. Gluten.— When the flour of wheat is made into a dough, and this 
dough is washed with water upon a fine sieve, a milky liquid passes 
through, from which starch gradually subsides. This has been already 
stated. But on the sieve, when the water ceases to go through milky, 
there remains a soft adherent, tenacious, and elastic substance, which 
can be drawn out into long strings, has scarcely any colour, taste, or 
smell, and is scarcely diminished by washing either with hot or with 
cold water. This substance is the gluten of wheat. The flour of other 
kinds of grain also yield it by a similar treatment, though generally in 
much smaller quantity. This appears from the following table :— 

The grain of 

Wheat contains 8 to 35 per cent. of gluten. 


yes) 2 = 0.0 13 as “ 
Barley ee. «8 AO a6 tf es 
Oatsene as ee sto 5 “ “ 


When the moist gluten is dried in the air or at the temperature of 
boiling water, it diminishes much in bulk, and hardens into a brittle 
semi-transparent yellow substance resembling hornor glue. In this state 
it is insoluble in water, but dissolves readily in vinegar, in alcohol either 
cold or hot, and in solutions containing caustic potash, or soda, [the 
common pearl-ash or soda of the shops boiled with quick-lime.] 

2°. Vegetable Albumen.—To the white of egg the name of albumen 
(albus, white) has been given by chemists. It possesses the well known 
property of coagulating or of forming a white solid insoluble substance. 
when it is heated either alone or after being mixed with water. 

When the starch has subsided from the milky liquid which passes 


* Milk also, in favourable circumstances, as when kept at a temperature of 100° F., ua- 
dergoes fermentation, and in some countries of Asia a spirituous liquor is prepared from 
mares’ and asses’ milk. In this case the milk first becomes sour, then the acid thus form- 
ed converts the milk sugar into grape sugar, and finally this stigar enters into fermenta- 
tion. This takes place more readily in consequence of the presence of the decomposin 
cheesy matter (casein) of the milk—as is shown by the fact that, the introduction of a pani 
quantity of the curd of milk into a solution of grape sugar will cause it to ferment. 
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through the sieve in preparing the gluten of wheat, the water rests trans- 
parent and colourless above the white sediment. If this water be heated, 
it will become more or less troubled, and white films or particles will 
separate, which may be easily collected, and which possess all the pro- 
perties of coagulated albumen, or builed white of egg. To this sub- 
stance the name of vegetable albumen has been given. When the fresh 
prepared gluten of wheat is boiled in alcohol a portion of albumen gene- 
rally remains undissolved, showing that water does not completely wash 
it out from the gluten. 

Vegetable albumen, when fresh and moist, has neither colour, taste, 
nor smell, is insoluble in water or alcohol, but dissolves in vinegar and 
in caustic potash or soda. When dry it is brittle, more or less coloured, 
and opaque. In the seeds of plants, it exists only in small quantity— 
thus the grain of 

Wheat contains }# to 14 per cent. 


Rye. 2 to 33 ee 
Barley. . . ,j;to 4 “6 
Onis ee OMe s ee 


lt occurs more largely however in the fresh juices of plants, in those 
of cabbage leaves, turnip roots, and many others. When these. juices 
are heated the albumen coagulates and is readily separated. 

Gluten and vegetable albumen appear to be asclosely related as sugar 
and starch are to each other. Like these two substances, they consist 
of the same elements, united together in the same proportions, and are 
capable of similar mutual transformations. According to the most re- 
cent analyses, those of Dr. Scheerer, they consist of 


Carbon == 54°76 
Hydrogen = 7:06 
Oxygen = 20-06 
Nitrogen = 18°12 
100 


When exposed to the air in a moist state these substances undergo de- 
composition. They ferment, emit a most disagreeable odour, and pro- 
duce, among other compounds, vinegar and ammonia. 

The important influence which gluten and vegetable albumen are 
supposed to exercise over the nourishing properties of the different kinds 
of food in which they occur, will be considered in a subsequent part of 
these lectures.* 

3°. Diastase.—When cold water is poured upon barley newly malted 
and crushed, is permitted to remain over it for a quarter of au hour, is 
then poured off, filtered, evaporated to a small bulk over boiling water, 
again filtered if necessary, and then mixed with much alcohol, a white 
tasteless powder falls—to which the name of diastase has been given. 


* There occur in the animal kingdom—in the bodies of animals—three other forms of the 
substance above described under the names of gluten and vegetable albumen. These are 
albumen or white of egg, already mentioned,—casein, the curd of cheese,—and fibrin, the 
substance of the muscular fibre of animals. 

1°. Casein.—When the curd of cheese is well washed with water, and then boiled in 
alcohol to free it from oily matter, it forms the casein of chemists. While moist it is soft 
and colourless, but as it dries it hardens, assumes a yellow colour, and becomes semitrans- 
parent. Even when moist it is perfectly insoluble either in cold or in hot water. Itis solu- 
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If unmalted barley be so treated no diastase is obtained. This sub- 
stance, therefore, 7s formed during the process of malting. 

If wheat, or barley, or potatoes, which by steeping in water yield no di- 
astase, be made to germinate (or sprout), and be afterwards bruised and 
treated as above, diastase will be obtained. It is therefore produced 
during germination. 

If the shoot of a potato be cut off within half an inch of its base, this 
lower portion, with the part of the potato to which it is immediately at- 
tached, separated from the rest—and the three parts (the upper portion 
of the shoot—the lower portion with its attached fragment of potato— 
and the remaining mass of the potato) treated with water,—only that 
portion will yield diastase in which the base of the shoot is situated. 
When a seed sprouts, therefore, this substance is formed at the base of 
the gern, and there remains during its growth. 

If the same portion of the potato, or if the grain of barley or wheat is 


ble, however, in water containing vinegar, or to which a little carbonate of potash or soda 
has been added. It may be kept for any length of time ina dry place, without undergoing 
decay. The changes undergone by old cheese are chiefly due to the oily and other sub- 
stances with which the curd is mixed. It has been remarked, that when the gluten of wheat 
is left for a length of time in a moist state it undergoes a kind of fermentation and gradually 
acquires the smell and taste of cheese (Rouelle.) 

2°. Fubrin.—When lean beef or mutton is long washed in water till it becomes colourless, 
and is then boiled in alcohol to separate the fat, a colourless, elastic, fibrous mass is obtained, 
which is the fibrin of chemists. In recently drawn blood it exists in the liquid state, but coa- 
gulates spontaneously when exposed to the air, and forms the greater part of the clot of 
blood. It dissolvesin a solution of caustic potash or of nitre, and in vinegar. 

3°. Albumen.—This substance in the liquid state exists in the white of egg, and in the 
serum of the blood. It coagulates by heating to 160° F, or if previously mixed with water 
by raising to 212° F. 

These three substances, in addition to their well known sensible properties, are distin- 
guished as follows: 

1°. Liguid casein in milk, is not coagulated by heating alone—the addition of rennet or of 
a little acid (vinegar or spirit of salt) is necessary, when it curdles readily. 

: 2°. Liquid albumen in white of egg, coagulates by heat alone, as when an egg is put into 
ot water. 

3°. Liquid fibrin in the blood coagulates by mere exposure to the air, or more rapidly by 
agitation in contact with the air. 

Like starch and sugar these three substances are mutually convertible by known means. 
Thus fibrin, if unboiled, dissolves by digestion at 80° F. in a saturated solution of nitre, and 
acquires the properties of liguid albumen; and if to liquid albumen a little caustic potash be 
added, and afterwards much alcohol, it will be thrown down in the form and with the pro- 
perties of casein. 

All these substances appear to contain the same organic constituents in the same propor- 
tions. 

Boussingault first showed the identity in chemical constitution of gluten and vegetable al- 
bumen.—[Pog. An., xl. p. 253.) Mulder afterwards proved a similar identity between vege- 
table albumen and the white of egg, fibrin, and casein.—{Ann. de Chim. et. de Phys., Ixv., p. 
301.] Mulder suppeses them to differ from each other by the presence in unlike quantities 
of a small admixture of sulphur, phosphorus or phosphate of lime. 

Those who are not familiar with the history and with the nature of chemical research, can 
form no idea of the time and labour which has by different chemists been expended on this 
one branch. The persevering industry of Dr. Mulder, of Rotferdam, appeared to have 
cleared up the entire stthject by a long series of investigations and analyses,—ffor an out- 
line of his results, see Berzelins Arsberatilese, 1859, p. 611,]—when first Vogel, then Prosper 
Denis, and latest Liebiy and Dr. Scheerer. have arrived at different results. Our ideas are 
thus ayain unfixed, and our partial generalizations set aside for future emendation. 

The analysis inserted in the text, as representing the composition of gluten and vegetable 
albumen, is that given by Dr. Scheerer for the purest form of fibrin. IT have selected it in 
preference to the results either of Boussingault or of Mulder, because it is the most recent, 
and has been Obtained with a knowledge of all the previous researches,—and assuming the 
chemical identity of this entire group of substances, is the most likely to represent their 
constitution with accuracy. It differs from the analysis of Mulder only in stating the nitro- 
gen at 2 per cent. higher than was done by that chemist. The recent improvements in the 
mode of determining the true quantity of nitrogen in organic substances, appear to justify 
us in expecting the result of Scheerer to be inthis respect the more correct, 
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examined, when the first true leaves of the plant have been fully 
formed and expanded, the diastas2 will be found to have in great part, 
if not entirely, disappeared. This substance, therefore, is first formed 
when the seed begins to sprout, performs a function which makes its 
presence necessary at the base of the germ, and which function being 
discharged when the true leaves are formed, it then disappears. What 
is the nature of this temporary function, why the diastase must reside at 
the base of the sprout in order to discharge it, and why it should so early 
cease, will appear from a detail of the properties of this singular sub- 
stance. 

Properties of diastase.-—If the solution obtained from malt be digested 
with potato, flour, or other starch, at a temperature between 120° and 
140° F., the latter will gradually dissolve and will form a colourless 
transparent solution. When this solution is carefully evaporated a yel- 
lowish white powder is obtained, perfectly soluble in water, to which 
the name of dertrine has been given, [because its solution turns to the 
right a ray of polarized light when passed through it.] This dextrine 
has the same composition as starch. It is merely starch changed or 
transformed in such a way as to become soluble in cold water,—a 
change analogous to that which it undergoes by simply boiling in water. 

But if the digestion be continued after the starch is dissolved, the so- 
lution will gradually acquire a sweet taste, and if it be now evaporated 
it will yield, instead of dextrine, a mixture of gum and grape sugar. 
And if the digestion be still further prolonged, the whole of the starch 
will be converted into grape sugar only.—[See above, § 6, p. 113.] 

Thus diastase (like sulphuric acid) possesses the property of trans- 
forming starch eutirely—first into gum, and then into grape sugar. The 
intermediate stage of dextrine has not been recognized in the action of 
sulphuric acid, nor is it easy to arrest the action of diastase exactly at 
this point—the most carefully prepared dextrine always containing a 
mixture of gum and sugar. One part of diastase will convert into sugar 
2000 parts of starch. 

A solution of diastase, when allowed to stand, soon undergoes decom 
position, and after being boiled, it has no further effect upon starch. It 
has not been analysed, because it is difficult to obtain it in a pure state. 
It contains nitrogen, however, for, when moistened and exposed to the 
air, it decomposes, and, among other products, yields ammonia.* 

The functions of diastase—one of the purposes at least for which it is 
produced in the living seed, and situated at the base of the germ—will 
now be in some measure understeod. The starch in the seed is the food 
of the future germ, prepared and ready to minister to its wants when- 
ever heat and moisture concur in awakening it to life. But starch is it- 
self insoluble in water, and could not, therefore, accompany the fluid sap 
when it begins to move and circulate. For this reason diastase is 
formed at the point where the germ first issues from the mass of food. 
There it transforms the starch, and renders it soluble, so that the young 
vessels can take it up and convey it to the point of growth. When the 
starch is exhausted its functions cease. It is then itself transformed and 


” It will be recollected that ammonia contains nitrogen, being represented by NH3.—See 
Jecture II., p. 5}. . 
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carried into the general circulation. Or when, as in the potato, much 
more starch is present thanis in many cases requisite, its function ceases 
long before the whole of the starch disappears. Its presence is necessa- 
ry only until the leaves and roots are fully formed—when the plant is 
enabled to provide for itself, and becomes independent of the starch of 
the seed. When this period arrives, therefore, the production of dias- 
tase is no longer perceived. 

This I have said is one of the purposes which appears to be served by 
diastase in the vegetable economy. That it is the only one we have no 
reason to believe. There may be others quite as interesting which we 
do not as yet understand. This is rendered more probable by the fact 
that the diastase contained in one pound of malted barley is capable of 
converting into sugar five pounds of starch.* (Liebig.) And though 
at the temperature at which the seed germinates, more of this substance 
may be necessary to transform the same weight of starch than is re- 
quired in our hands, when aided by artificial heat,—yet as we never in 
the ordinary course of nature find any thing superfluous or going to 
waste, there is reason to believe that the diastase may be intended also 
to contribute directly to the nourishment and growth of the plant. As 
it contains nitrogen, it must be derived from the gluten or vegetable al- 
bumen of the seed; and asa young plant of wheat, when already many 
inches from the ground, contains no more nitrogen than was originally 
present in the seed itself (Boussingault), this diastase may only be the 
result of one of those transformations of which gluten} is susceptible, 
and by which it is rendered soluble, and capable of aiding in the pro- 
duction of those parts of the substance of the growing plant into which 
nitrogen enters as a necessary constituent. 

It may not be uninstructive if we pause here for a moment and con- 
sider the beauty of the arrangements we have just been describing. In 
passing through a new and interesting country we do not hesitate, at 
times, to stop and gaze, and leisurely admire. We cannot otherwise 
fully realize and appreciate its beauty. Soin the domains of science, 
we cannot be ever hurrying on—we must linger occasionally, not only 
that we may more carefully observe, but that we may meditate and 
feel. 

You see how bountifully nature has provided in the seed for the nour- 
ishment of the young plant, how carefully the food is stored up for ix, 
and in how imperishable a form—how safely covered also and protectea 
from causes of decay! For hundreds of years the principle of life will 
lie dormant, and for as many the food will remain sound and undimin- 
ished till the time of awakening comes. Though buried deep in the 
earth, the seed defies the exertions of cold or rain, for the food it contains 
is unaffected by cold and absolutely insoluble in water. But no sooner 


* It is the diastase in malt which dissolves the starch of the barley in the process of brew- 
ing, but as the diastase contained in malt is sufficient to dissolve so large a quantity of starch, 
it is obviously a waste of labour to malt the whole of the barley employed. One of malt to 
three of barley would probably be sufficient in most cases to obtain a wort containing the 
whole of the starch in solution. Advantage is taken of this property in the manufacture of 
the white beer of Louvain, and of other places in Flanders, and in Germany, where the light 
cee is secured by adding a large quantity of flour to a decoction of a small quantity of 

arley. 


t That diastase is merely transformed gluten we cannot say, because the exact chemical 
constitution of diastase is as yet unknown. 
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is the sleeping germ recalled to life, by the access of air and warmth 
and duly tempered moisture, than a new agent is summoned to its aid, 
and the food is so changed as to be rendered capable of ministering to its 
early wants. The first movement of the nascent germ—(and how it 
moves, by what inherent or impartial force, who shall discover to us 7) 
—is the signal for the appearance of this agent—diastase—of which, 
previous to germination, no trace could be discovered in the seed. At 
the root of the germ, where the vessels»terminate in the farinaceous 
matter, exactly where it is wanted, this substance is to be found ;—there, 
and there only, resolving and transforming the otherwise unavailable 
store of food, and preparing it for being conveyed either to the ascending 
sprout or to the descending root. And when the necessity for its pre- 
sence ceases—when the green leaf becomes developed, and the root has 
fairly entered the soil—when the plant is fitted to seek food for itself— 
then this diastase disappears, it undergoes itself a new conversion, and is 
prepared in another form to contribute tothe further increase of the plant. 

How beautiful and provident are all these arrangements !—how plas- 
tic the various forms of organic matter in the hands of the All-Intelli- 
gent!—how nicely adjusted in time and place its diversified changes! 
What an apparently lavish expenditure of forethought and kind previ- 
sion, in behalf even of the meanest plant that grows ! 


§ 9. Vegetable Acids.— Acetic acid, Oxalic acid, Tartaric acid, 
Citric acid, Malic acid. 


Another class of compound substances remains to be shortly consid- 
ered,—those, namely, which possess sour or acid properties, and which 
are known to be present in large quantity in many plants, and more 
especially in the greater number of unripe fruits. They do not, taken 
as a whole, form any large portion of the entire produce, either of the 
general vegetation of the globe or of those plants which are cultivated 
for food; yet the growth of fruit—as in the grape, orange, and apple 
countries—is sufficiently extensive, and the general interest in the cul- 
tivation of fruit trees sufficiently great, to require that the nature of the 
substances contained in fruits, and the peculiar changes by which they 
are formed, should be in some measure considered and explained. 


I.—ACETIC ACID. 


Acetic acid or vinegar is the most extensively diffused, and the most 
largely produced, of all the organic acids. It is formed during the ger- 
mination of seeds, and it exists in the juices of many plants, but it is 
most abundantly evolved during the fermentation, whether natural or 
artificial, of nearly all vegetable substances. When pure it is a colour- 
less liquid, having a well known agreeably acid taste. It may be 
boiled and distilled over without being decomposed. The vinegar of the 
shops is generally very much diluted, but it can be prepared of such a 
strength as to freeze and become solid at 45° F., and to blister the skin 
and produce a sore when applied to any part of the body. When 
mixed with water it readily dissolves lime, magnesia, alumina, &c., 
forming salts called acetates, which are all soluble in water, and may, 
therefore, be readily washed out of the soil or of compost heaps by 


heavy falls of rain. 
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When perfectly free from water, acetic acid consists of— 
Carbon. . . 47°5 per cent., or 4 atoms 
Hydrogen. . 58 Chi fot 
Oxygen. . . 46:7 4 OF ge 
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It is therefore represented by the formula C, H; O,;—in which, as in 
those given in the preceding sections for starch, sugar, &c., the numbers 
representing the atoms of hydrogen and oxygen are equal, and conse- 
quently these elements are in the proportion to form water. Hence, 
vinegar, like sugar, may be represented by carbon and water. 
Let us consider for a moment the several processes by which this acid 
is usually formed. 
1°. By the distillation of wood.—This a method by which wood 
vinegar—often called pyroligneous acid—is prepared in large quantity. 
Wood which has been dried in the air is put into an iron retort and distil- 
led. The principal products are vinegar, water, and tarry matter. 
The decomposition is of a complicated description, but by comparing 
the constitution of woody fibre with that of vinegar, we can readily see 
the nature of the changes by which the latter is produced. 
Woopy Fisre is = C,, H, O, 
3 of VinEGAR are = C,, Hy, Oy 


Difference = H, O,; or the elements 
of one atom of water. One portion of the woody fibre, therefore, com- 
bines with the elements of an atom of water, obtained by the decompo- 
sition of another portion, and thus vinegar is produced. 

2°. Manufacture of Vinegar from Cane Sugar.—lIt is a well known 
fact in domestic economy, that if cane sugar be dissolved in water, a 
little vinegar added to it, and the solution kept for a length of time ata 
moderate temperature, the whole will be converted into vinegar without 
any sensible fermentation. This process is frequently followed in the 
preparation of household vinegar, and was formerly adopted to some ex- 
tent in our chemical manufactories. It will be recollected that we re 
presented Cane Sucar by C,. Hyo Oy, while 

SiOVINEGARY == arlon@), 


Difference H, O,; or the elements 
of an atom of water, which cane sugar must lose in order to be convert- 
ed into vinegar. Whether the change in this instance takes place by 
the direct conversion of cane sugar into vinegar, or whether the former 
is previously transformed into grape sugar, has not been satisfaetorily de- 
termined. 

3°. Manufacture of Vinegar from Alcohol.—In Germany, where 
common brandy is cheaper than vinegar, it is found profitable to manu- 
facture this acid from weak spirit. For this purpose it is mixed with a 
little yeast, and then allowed to trickle over wood shavings moistened 
with vinegar, and contained in a cask, the sides of which are perforated 
with holes for the admission of a current of air. By this method oxy- 
gen is absorbed from the air, and in 24 hours the alcohol in the spirit is 
converted into vinegar and water. 
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The explanation of this process is also simple, alcohol being repre- 
sented by C, H; O,. Thus— 


AtconoLt = C, H, O, } Vinecar = C,H;0, 
4 of OxyeGEN = O, \_J 30fWarer = H,0, 
Sum C, , 0; | Sum =C,H, 0, 


4°. Production of Vinegar by fermentation. When vegetable mat- 
ters are allowed to ferment, carbonic acid is given off and vinegar is 
formed, In such cases this acid is the result of a series of changes, du- 
ring which that portion of the vegetable matter which has at length 
reached the state of vinegar has most probably passed through the seve- 
ral previous stages of grape, sugar, and alcohol. ‘The carbonic acid, as 
has already been explained (p. 115), is given off during the fermentation 
of the grape sugar, and the consequent formation of alcohol. 

To simple transformations, similar to those above described, we can 
trace the origin of the vinegar which is met with in the living juices of 
plants, and among the products of their decay. 


II.—-TARTARIC ACID. 


The grape and the tamarind owe their sourness to a peculiar acid to 
which the name of fartarie acid has been given. It is also present, along 
with other acids, in the mulberry, in the berries of the sumach (rhus co- 
riarii), and in the sorrels, and has been extracted from the roots of the 
couch-grass and the dandelion. 

When new wine is decanted from the lees, and set aside in vats or 
casks, it gradually deposits a hard crust or tartar on the sides of the ves- 
sels. This substance is known in commerce by the name of argol, and 
when purified is familiar to you as the cream of tartar of the shops. It 
is a compound of tartaric acid with potash, and from it tartaric acid is 
extracted for use in medicine and in the arts. The principal use of the 
acid is in certain processes of the calico printers. 

The pure acid is sold either in the form of a white powder or of trans- 
parent crystals, which are colourless, and have an agreeable acid taste. 
It dissolves readily in water, and causes a violent effervescence when 
mixed with a solution of the carbonate of potash or of soda. As it has 
no injurious action upon the system, it is extensively used in artificial 
soda powders and effervescing draughts. When added in sufficient 
quantity to a solution containing potash, it causes a white crystalline 
powder to fall, whichis cream of tartar (or bitartrate of potash), and from 
lime water it throws down a white chalky precipitate of tartrate of lime. 
Both of these compounds are present in the grape. 

When perfectly free from water this acid consists of— 

Carbon . . . = 36°81 or 4 atoms. 
Hydrogen . . = 3-00 or 2 atoms. 
Oxygen . . . = 60°19 or 5 atoms. 
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It is therefore represented by the formula C, H, O;, 

If we compare the numbers by which the atoms of hydrogen and ox- 
ygen in this acid are expressed, we see that these elements are not in the 
proportion to form water, and that this substance, therefore, cannot, like 

6* 
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so many of those we have hitherto had occasion to notice, be represented 
by carbon and the elements of water alone. 
It may be represented by 
4 of Carson. . C 
QUOLINVIATERy ss 
and 3 of OxyGEN. . 


“H, O, $ or, 4C-4+2H+30 


3 


TAREARIC JA CID: ==. Cy. bt 5, O- 

And, though this mode of representation does not truly exhibit the con- 
stitution of the acid, inasmuch as we have no reason to believe that it 
really contains water as such—yet it serves to show very clearly that in 
the living plant this acid cannot be formed directly from carbon and the 
elements of water, as starch and sugar may, but that it requires also 
three atoms of oxygen in excess to every five of carbon and two of water. 
We shall, in the following lecture, see how nicely the functions of the 
several parts of the plant are adjusted,—at one period to the formation of 
this acid, and at another to its conversion into sugar during the ripening 
of the fruit. 


IlI.—CITRIC ACID, OR ACID OF LEMONS. 


This acid gives their sourness to the lemon, the lime, the orange, the 
cranberry, the red whortleberry, the bird-cherry, and the fruits of the 
dog-rose and the woody night-shade. It is also found in some roots, as 
in those of the dahlia pinnata, and the asarum europeum (asarrabacca), 
and mixed with much malic acid, in the currant, cherry, gooseberry, 
raspberry, strawberry, common whortleberry, and the fruit of the haw- 
thorn. 

When extracted from the juice of the lemon or lime, and afterwards 
purified, it forms transparent colourless crystals, possessed of an agreea- 
ble acid taste ; effervesces like tartaric acid with carbonate of soda, and 
like it, therefore, is much employed for effervescing draughts. With 
potash it forms a soluble salt, which is a citrate of potash, and from lime 
water it throws down a white, nearly insoluble, sediment of citrate of 
lime, which re-dissolves when the acid is added in excess. In combi- 
nation with lime it exists in the tubers, and with potash in the roots, of 
the Jerusalem artichoke. 

When free from water, citric acid consists of 

Carbon. 3) fe. 4490 —" 40 atoms: 
Eydrocen" )  .) as 43 = 2 atonis. 
Oxygen... 4 . 55:08= 4 atoms. 
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and is therefore represented by C, H, 0,4. 

This formula differs from that assigned to the tartaric acid only in 
containing one atom of oxygen less, O, instead of O;. In the citric 
acid, therefore, there are 2 atoms of oxygen in excess, above what is 
necessary to form water with the 2 of hydrogen it contains. 


IV.—MALIC ACID. 


The malic and oxalic acids are more extensively diffused in living 
plants than any other vegetable acids. If acetic acid be more largely 
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formed in nature, it is chiefly as a product of the decomposition of or- 
ganic matter, when it has already ceased to exist in, or to form part of, 
a living plant. 

Along with the citric acid, it has been already stated that the malic 
occurs in many fruits. Itis found more abundantly, however, and is the 
chief cause of the sour taste, inthe unripe apple, [hence its name malic 
acid,] the plum, the sloe, the elderberry, the barberry, the fruit of the 
mountain ash, and many others. It is associated with the tartaric acid 
in the grape and in the Agave americana. 

This acid is not used in the arts or in medicine, and therefore is not 
usually sold in the shops. It is obtained most readily, in a pure state, 
from the berries of the mountain ash. It forms colourless crystals, 
which have an agreeable acid taste. It combines with potash, soda, 
lime, and magnesia, and forms malates, and, in combination with one or 
more of these bases, it usually occurs in the fruits and juices of plants. 
The malate of lime is soluble, while the citrate, as already stated, is 
nearly insoluble, in water. This malate exists in large quantity in the 
juice of the house-leek (sempervivum tectorum),in the Sedum telephium, 
the Arum maculatum, and many other juicy and fleshy-leaved plants. 

When perfectly free from water, the malic acid has exactly the same 
chemical constitution as the citric, and is represented by the same for- 
mula C, H, O,. ’ These two acids, therefore, bear the same relatiom 
fv each other as we have seen that starch, gum, and sugar do. They 
are what chemists call zsomeric, or are isomeric bodies. We cannot 
transform them, however, the one into the other, by any known means, 
though there is every reason to believe that they may undergo such 
transformations in the interior of living plants. Hence probably one 
reason also why the malic and citric acids occur associated together in 
so many different fruits. 


V.—OXALIC ACID. 


This acid has already been treated of, and its properties and composi- 
tion detailed, in a preceding lecture (Lecture III., p. 47). It forms co- 
lourless transparent crystals, having an agreeably acid taste, and it 
effervesces with the carbonates of potash and soda, but on account of its 
poisonous qualities, it is unsafe to administer it as a medicine. It oc- 
curs in combination with potash in the sorrels, in rhubarb, and in the 
juices of many lichens. Those lichens which incrust the sides of rocks 
and trees, not unfrequently contain half their weight of this acid in com- 
bination with lime. It can be formed artificially by the action of nitric 
acid on starch, sugar, gum, and many other organic substances. 

When perfectly free from water, oxalic acid contains no hydrogen; 
but consists of— 

Carbon . . .- 33°75==2 atoms 
Oxygen. . ».66:25=3 ‘ 
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and it is represented by C, O,. When heated with strong sulphuric 
acid, itis decomposed and resolved into gaseous carbonic acid (CO.) and 
carbonic oxide (CQ) in equal volumes. This change is easily under- 


stood since CO, + CO=C, Og. 
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§10. General observations on the substances of which plants chiefly consist. 


It may be useful here shortly to review the most important facts and 
conclusions which have been adverted to in the present lecture. 

1°. The great bulk of plants consists of a series of substances capable 
of being represented by, and consequently of being formed in nature 
from, carbon and the elements of water only. Such are woody fibre, 
starch, gum, and the several varieties of sugar (p- 111). 

2°, Yet the crude mass of wood, as it exists in a full-grown 
tree, containing various substances in its pores, cannot be represented 
by carbon and the elements of water alone. It appears always to 
contain a small excess of hydrogen, which is greater in some trees than 
in others. Thus in the chesnut and the lime, this excess is greater than 
in the pines, while in the latter it is greater than in the oak and the ash. 
[For a series of analyses of different kinds of wood by Peterson and 
Schédler, see Thomson’s Organic Chemistry, p. 849.] 

3°. These substances are, in many cases, mutually convertible even 
inour hands. They are probably, therefore, still more so in nature. 

It is to be observed, however, that all the transformations we can as 
yet effect are in one direction only. We can produce the above com- 
pounds from each other in the order of lignin or starch, gum, cane sugar, 
grape sugar—that is, we can convert starch into gum, and gum into 
sugar, but we cannot reverse the process, so as to form cane from grape 
sugar, or starch from gum. 

The only apparent exception to this statement with which we are at 
present acquainted, occurs in the ease of starch. When this substance 
is dissolved in cold concentrated nitric acid, and then mixed largely with 
water, a substance [the Xyloidin of Braconnot] falls to the bottom, 
which is a compound of the nitric acid with woody fibre (C,. H; O,.-) 
[Pelouze, see Berzelius Arsberdtte!se, 1839, p. 416.] In this instance, 
if the above observation is correct, there appears to be an actual con- 
version of starch into woody fibre. 

But what we are as yet unable toperform may, nevertheless, be easily 
and constantly effected in the living plant. Not only may what is starch 
in one part of the tree be transformed and conveyed to another part in 
the form of sugar,—but that which, in the form of sugar or gum, passes 
upwards or downwards with the circulating sap, may, by the instrumen- 
tality of the vital processes, be deposited in the stem in the form of 
wood, or in the ear in that of starch. Indeed we know that such actu- 
ally does take place, and that we are still, therefore, very far from being 
able to imitate nature in her power of transforming even this one group 
of substances only. ‘ 

4°, Among, or in connection with, the great masses of vegetable mat- 
ter which consist mainly of the above substances, we have had occasion 
to notice a few which contain nitrogen as one of their constituents—and 
which, though forming only a small fraction of the products of vegetable 
growth, yet appear to exercise a most important influence in the general 
economy of animal as well as vegetable life. The functions performed 
by diastase in reference to vegetable growth, and to the transformations 
of organized vegetable substances, have already been in some measure 
illustrated,—we shall hereafter have an opportunity of considering more 
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fully t::e influence which gluten and vegetable albumen exercise over 
the general efficiency of the products of vegetation in the support of ani- 
mal life, and over the changes which these products must undergo, be- 
fore they can be converted into the substance of animal bodies. Ina 
former lecture (Lecture IV., p. 66), I have had occasion to draw your 
attention to the comparatively small proportion in which nitrogen exists 
in the vegetable kingdom, and to show that it must nevertheless be con- 
sidered as much a necessary and constituent element in their composi- 
tion as the carbon itself; the very remarkable properties we have al- 
ready discovered in the compounds above mentioned strongly confirm 
this fact, and illustrate in a striking manner the influence of apparently 
feeble and inadequate causes in producing important natural results. 
5°. With the exception of acetic acid, which in constitution is closely 
related to sugar* and gum, all the acid substances to which it has been 
necessary to advert, contain an excess of oxygen above what is neces- 
sary to form water with the hydrogen they contain. Thus 
VINEGAR = C, H, QO, contains no excess of oxygen. 
Tartaxic Acip = C,H, O,;, . . 3 of oxygen in excess. 
Matic Acip 
Cirric ae APSA TA age eet 
Oxatic AcID = Ce Gals attested 
It requires alittle consideration to enable us to appreciate the true im- 
portance of these and other organic acids, in the vegetable economy. At 
first sight they appear to form a much smaller part of the general pro- 
ducts of vegetation than is really the case. We must endeavour to 
conceive the quantity actually produced by a single tree loaded with 
thousands of lemons, oranges, or apples,—or again, how much is formed 
during the growth of a single comparatively small plant of garden rhu- 
barb in spring, if we would obtain an adequate idea of the extent to 
which these acids are constantly formed in nature. On the other hand, 
we must recollect also that the greater portion of the acid of fruits disap- 
pears as they ripen, if we would understand the true nature of the in- 
terest which really attaches to the study of these substances, of the 
changes to which they are liable, and of the circumstances under which 
in nature these changes take place. 
6°. I will venture here to draw your attention for a moment to the na- 
ture and extent of that remarkable power over matter, which the chem- 
ist, as above explained, appears to possess. Such a consideration will 
be of value not only in illustrating how far we really can now, or may 
hereafier, expect to be able to influence or control natural operations, 
[see Lecture I1., p. 32,] but what is probably of more value still, exhibit- 
ing the true relation which man bears to the other parts of creation; and, 
in some measure, the true position he is intended to occupy among them. 
1°. We have seen that the chemist can transform certain substances 
one into the other, in a known order; but that as yet he cannot reverse 
that order. Thus far his power over matter is at present limited; but 
this limit he may at some future .period be able to overpass, and we 


* It is identical in constitution with caramel (p. 114)—the uncrystallizable sugar of syrups, 


For 
Vinegar. Caramel. 


(C4 H3 O3 & 3) = Ci2 Hg Oo. 
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know not how far. The discovery of a new agent, or of a new mode 
of treatment, may enable him to accomplish what he has not as yet the 
means or the skill to perform. 

2°. He has it in his power to form, actually to produce, some of the 
organic or organized substances which occur in living plants. He can 
form gum, and grape sugar, in any quantity. Thus fur he can imitate 
and take the place of the living principle itself. 

Numerous other cases are known, in which be displays a similar 
power. By the action of nitric acid upon starch or sugar, [see Lecture 
III., p. 47,] he ean form ovalic acid, which, as has already been shown, 
occurs very largely in the vegetable kingdom. By the action of heat 
upon citric acid, he can decompose it and produce an acid which is 
met with in the Wolfsbane (Aconitum napellus), and hence is called 
aconitic aeid.* Also by the action of sulphuric acid he can change 
salicine and phlorizine—substances extracted respectively from the bark 
of the willow and from that of the root of the apple tree—into a resinous 
matter and grape sugar. So, of the compounds which are found in the 
solids and fluids of animal bodies, there are some which he has also 
succeeded in forming by the aid of his chemical art. 

Elated by such achievements, some chemists appear willing to hope 
that all nature is to bé subjected to their dominion, and that they may 
hereafter be able to rival the living principle in all its operations. It is 
true that what we now know, and can accomplish, are but the begin- 
nings of what we may fairly expect hereafter to effect. But it is of con- 
sequence to bear in mind the true position in which we now stand, and 
the true direction in which all we at present know seems to indicate that 
our future advances in knowledge, and in control over nature, are likely 
to proceed. And this leads me to observe— 

3°. That our dominion is at present limited solely to transforming 
and decomposing. We can transform woody fibre into gum or sugar— 
we cannot form either gum or sugar by the direct union of their elements. 
We can resolve salicine by the acid of sulphuric acid into resin and 
grape sugar; but we cannot cause the elements of which they consist to 
unite together in our hands, so as to form any one of the three. We 
cannot even cause the resin and the sugar to re-unite and rebuild the sali- 
cine from which they were derived. 

So we can by heat drive off the elements of water from the citric and 
cause the aconitic acid to appear ; but we cannot persuade the unwilling 
compounds, when thus separated, to return to their former condition of 
citric acid ; and, if we could, we should still be as far removed from the 
power of commanding or compelling the direct union of carbon, hydro- 
gen, and oxygen, in such proportions, and in such a way, as to build up 
either of the two acids in question. 

Again, we can actually form oxalic acid by the action of nitric acid 


* These two acids differ from each other only cr the elements of an atom of water. Thus 
t 4 


Citric Acid . . = C4 
Aconitic Acid . = C4 H, O3 
Difference. = H; O_ or HO, one of water. 


It is easy to see, therefore, how, by the evolution of the elements of an atom of water, the 
one acid may be changed into the other. The scientific reader will excuse me (if on the 
grounds of simplicity alone) for representing, both here and in the text, the citric acid by 
C Hg Oj, instead of by Ci2 Hs O11 + 3HO, which Liebig and his pupils prefer. 
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upon starch, or wood, or sugar, or any other of a great variety of vegeta- 
ble substances—but-we cannot prepare it by the direct union of its ele- 
ments. Wecan only as yet procure it from substances which have 
already been organized—which have been themselves produced by the 
agency of the living principle. 

The same remarks apply with slight alteration to those substances of 
animal origin to which I have above alluded as being within the power 
of the chemist to produce at will. There is hardly an exception to the 
rule, that in producing organic substances, as they are called, the chem- 
ist must employ other organic substances which are as yet beyond his 
art—which, so far as we know, can only be formed under the direction 
of the living principle. Thus the sum of the chemist’s power in imita- 
ting organic nature consists, at present. in his ability— 

1°. To transform one substance found only in the organic kingdom 
into some other substances, produced more or less abundantly in the 
same kingdom of nature. This power he exercises when he converts 
starch into sugar, or fibrin into albumen or casein. 

2°. To resolve a more complex or compound substance into two or 
more which are less so, and of which less complex substances some may 
be known to occur in vegetable or animal bodies. 

3°. To decompose organie compounds by means of his chemical agents, 
and as the result of such decompositions to arrive at one or more com- 
pounds, such as are formed under the direction of the living principle. 

In no one case can he form the substances of which animals and plants 
chiefly consist, out of those on which animals and plants chiefly live. 

But this is the common and every-day result of the agency of the liv- 
ing principle.. Is there as yet, then, any hope that the chemical labo- 
ratory shall supersede the vascular system of animals and plants; or 
that the skill of the chemist who guides the operations within it, shall 
ever rival that of the principle of life which presides over the chemical 
changes that take place in animal and vegetable bodies ? 

The true place, therefore, of human skill—the true prospects of chem- 
ical science—are pointed out by these considerations. No science has 
accumulated so many and such various treasures as chemistry has done 
during the last 20 years—none is at present so widely extending the 
bounds of our knowledge at this moment as the branch of organic chem- 
istry—men may therefore be excused for entertaining more sanguine 
expectations from the progress of a favourite science than sober reason- 
ing would warrant. Yet it is of importance, | think, and especially in 
a moral point of view, that amid all our ardour, we should entertain 
clear and just notions of the kind and extent of knowledge to which we 
are likely to attain, and—as knowledge in chemistry is really power 
over matter—to what extent this power is likely ever to be carried. 

At present, if we judge from our actual knowledge, and not from our 
hopes—there is no prospect of our ever being able to imitate or rival 
living nature in actually compounding from their elements her nume- 
rous and varied productions. ‘That we may clearly understand, and be 
able to explain many of her operations, and even to aid her in effecting 
them, is no way inconsistent with an inability to imitate her by the re- 
sources of art. This will, I trust, appear more distinctly in the subse- 
quent lecture. 


LECTURE VII. d 


Chemical changes by which the substances of which plants chiefly consist are formed from 
those on which they live.—Changes during germination—during the growth of the plant— 
during the ripening of fruit.—Autumnal changes. 


Havine thus considered the nature and chemical constitution of those 
substances which constitute by far the largest part of the solids and 
fluids of living vegetables, we are now prepared for the further question 
—by what chemical changes these substances of which plants consist, are 
formed out of those on which they live? 

The growth of a plant from the germination of the seed in spring till 
the fall uf the leaf in autumn, or the return of the succeeding spring- 
time, may in perennial plants be divided into four periods—during which 
they either live on different food, or expend their main strength in the 
production of different substances. These periods may be-distinguished 
as follows :— 

1°. The period of germination—from the sprouting of the seed to the 
formation of the perfect leaf and root. 

2°. From the expansion of the first true leaves to the period of flow- 
ering. 

3°. From the opening of the flower to the ripening of the fruit and 
seed. 

4°, From the ripening of the seed or fruit, till the fall of the leaf and 
the subsequent return of spring. On the ripening of the fruit the fune- 
tions of annual plants are in general discharged, and they die; but per- 
ennial plants have still important duties to perform in order to prepare 
them for the growth of the following spring. 

The explanation of the chemical changes to which our attention is to 
be directed will be more clear, and perhaps more simple, if we consider 
them in relation to these several periods of growth. 


§ 1. Chemical changes which take place during germination and during 
the development of the first leaves and roots. 


The general nature of the chemical changes which take place during 
germination is simple and easy to be comprehended. 

Let us first consider shortly the phenomena which have been observed 
to accompany germination, and the circumstances which are most fa- 
vourable to its rapid and healthy progress. 

1°. Before a seed will begin to sprout, it must be placed for a time in 
a sufficiently moist situation. We have already seen how numerous 
and important are the functions which water performs in reference to 
vegetable life (Lecture II., p. 36,) in every stage of a plant’s growth. 
In the seed no circulation can take place—no motion among the parti- 
cles of matter—until water has beer largely imbibed; nor can the food 
be conveyed through the growing vessels, unless a constant supply of 
fluid be afforded to the seed and its infant roots. 

2°. A certain degree of Warmth—a slight elevation of temperature— 
is also favourable, and in most cases necessary, to germination. 
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The degree of warmth which is required in order that seeds may be- 
gin to grow, varies with the nature of the seed itself. In Northern Si- 
beria and other icy countries, plants are observed to spring up at a tem- 
perature but slightly raised above the freezing point (32° F’.,) but itis 
familiar to every practical agriculturist, that the seeds he yearly con- 
signs to the soil require to be protected from the inclemency of the 
weather, and sprout most quickly when they are stimulated by the 
warmth of approaching spring, or by the heat of a summer’s sun. 

The same fact is familiarly shown in the malting of barley, where 
large heaps of grain are moistened in a warm atmosphere. When ger- 
mination commences, the grain heats spontaneously, and the growth 
increases in rapidity as the heap of corn attains a higher temperature. 
{t thus appears that some portion of that heat which the growth of the 
germ and radicles requires, is provided by natural processes in the grain 
itself; in somre such way as, in the bodies of animals, a constant supply 
of heat is kept up by the vital processes—by which supply the cooling 
effect of the surrounding aic is continually counteracted. 

We have seen in the preceding lecture, that the transformations of 
which starch and gum afe susceptible, take place with greater certainty 
and rapidity under the influence of an elevated temperature. It will 
presently appear that such transformations are also affected during ger- 
mination; there is reason, therefore, to believe that the external warmth 
which is required in order that germination may begin, as well as the 
internal heat naturally developed as germination advances, are both 
employed in effecting these transformations. And, as the young sprout 
shoots more rapidly under the influence of a tropical sun, it is probable 
that those natural agencies in general, by which such chemical transfor- 
‘Mations are most rapidly promoted, are also those by which the pro- 
gress of vegetation is in the greatest degree hastened and promoted. 

3°. It has been observed that seeds refuse to germinate if they are en- 
tirely excluded from the air. Hence seeds which are buried beneath 
such a depth of soil that the atmospheric air cannot reach them, will 
remain long unchanged, evincing no signs of life—and yet, when turned 
up or brought near the surface, will speedily begin to sprout. Thus in 
trenching the land, or in digging deep ditches and drains, the farmer is 
often surprised to find the earth, thrown up from a depth of many feet, 
become covered with young plants, of species long extirpated from or 
but rarely seen in his cultivated fields. 

4°. Yet light is, generally speaking, prejudicial to germination. 
Hence the necessity of covering the seed, when sown in our gardens and 
corn fields, and yet of not so far burying it that the air shall be excluded. 
In the usual method of sowing broad-cast, much of the grain, even after 
harrowing, remains uncovered ; and the prejudicial influence of light in 
preventing the healthful germination of such seeds is no doubt one rea- 
son why, by the method of dibbling, fewer seeds are observed to fail, and 
an equal return of corn is obtained from a much smaller expenditure of 
seed. 

The reason why light is prejudicial to germination, as well as why 
the presence of atmospheric air is necessary, will appear from the fol- 
lowing observation :— 

5°. When seeds are made to germinate in a limited portion of atmos- 
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pheric air, the bulk of the air undergoes no material alteration, but on 
examination its oxygen is found to have diminished, and carbonic acid 
to have taken its place. Therefore, during germination, seeds absorb 
oxygen gas and give off carbonic acid. ] 

fence it is easy to understand why the presence of air is necessary 
to germination, and why seeds refuse to sprout in hydrogen, nitrogen, 
or carbonic acid gases. They cannot sprout unless oxygen be within 
their reach. 

We have seen also in a previous lecture that the leaves of plants in 
the sunshine give off oxygen gas and absorb carbonic acid,—while in 
the dark the reverse takes place. So it is with seeds which have begun 
to germinate. When exposed to the light they give off oxygen instead 
of carbonic acid, and thus the natural process is reversed. But it is ne- 
cessary to the growth of ihe young germ, that oxygen should be absorb- 
ed, and carbonic acid given of—and as this can take place to the requir- 
ed extent only in the dark, the cause of the prejudicial action of light is 
sufficiently apparent as well as the propriety of covering the seed with a 
thin layer of soil. 

6°. During germination, vinegar (acetic acid) and diastase are pro- 
duced. ‘That such is the case in regard to the latter substance, has been 
proved in the previous lecture, (p. 118.) That acetic acid is formed is 
shown by causing seeds to germinate in powdered chalk or carbonate of 
lime, when after a time acetate of lime* may be washed out from the 
chalk (Braconnot) in which they have been made to grow. The acid 
contained in this acetate must have been formed in the seed, and afier- 
wards excreted or thrown out into the soil. 

7°. When the germ has shot out from the seed and attained to a sen- 
sible length, it is found to be possessed of a sweet taste. ‘This taste is 
owing to the presence of grape sugar in the sap which has already be- 
gun to circulate through its vessels. 

It has not been clearly ascertained whether the vinegar or the dias- 
tase is first produced when germination commences, but there seems 
lite doubt that the grape sugar is formed subsequently to the appear- 
ance of both. 

8°. The young shoot which rises upwards from the seed consists of 
amass of vessels, which gradually increase in length, and after a short 
time expand into the first true leaves. The vessels of this first shoot do 
not consist of unmixed woody fibre. It is even said that no true wood 
is formed till the first true leaves are developed.—{ Lindley’s Theory of 
Horticulture.| | 'Vhe vessels of the young sprout, therefore, and of the 
early radicles, probably consist of the cellular fibre of Payen. ‘They 
are unquestionably formed of a substance which is in a state of transition 
between starch or sugar and woody fibre, and which has a constitution 
analogous} to that of both. 

Having thus glanced at the phenomena which attend upon germina- 
tion, let us now consider the chemical changes by which these phenom- 
ena are accompanied. 

1°. The seed absorbs oxygen and gives off carbonic acid. We have 

, / 

* Acetate of lime is a compound of acetic acid (vinegar) and lime, and may be prepared by 
dissolving chalk in vinegar. It is very soluble in water. 

t By analogous IT mean which may be represented by carbon and water. 
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already seen that the stareh of the seed (Cy. Hy. Oyo) may be repre- 
sented by carbon and water,—by 12C + 10HO. Now it appears that 
in contact with the oxygen of the atmosphere, a portion of the starch is 
actually separated into carbon and water, the carbon at the moment of sepa- 
ration uniting with the oxygen, and forming carbonic acid (CO,). This 
acid is given off into the soil in the form of gas, and thence partially es- 
capes into the air; but for what ¢mmediate purpose it is evolved, or how 
its formation is connected with the further development of the germ, has 
not hitherto been explained. 

2°. The formation of acetic acid (vinegar) from the starch of the 
grain is also easy to comprehend. For, as we have already seen, 

STARCH >) Co BO. 
3 of VINEGAR .. at op Tepe ©," 


Difference = H, O,; orthe elements of 
an atom of water. Therefore, in this early stage of the growth of the 
germ a portion of the starch is deprived of the elements of an atom of 
water, and at the same time transformed into vinegar. 

Why is this vinegar formed? It is almost as difficult to answer this 
question as to say why carbonic acid is evolved from the seed, though 
both undoubtedly serve wise and useful ends. 

It has been explained in the preceding lecture how the action of dilute 
acids gradually changes starch into cane sugar, and the latter into grape 
sugar. While it remains in the sap of the sprouting seed, the vinegar 
may aid the diastase in transforming the insoluble starch into soluble 
food for the plant, and may be an instrument in securing the conversion 
of the cane sugar, which is the first formed, into grape sugar,—since 
cane sugar cannot long exist in the presence of an acid. 

After the acetic acid is rejected by the plant, it may act as a solvent 
on the lime and other earthy matters contained in the soil. Liebig sup- 
poses the especial function of this acid—the reason why it is formed in 
the germ and excreted into the soil—to be, to dissolve the lime, &c., which 
the soil contains, and to return into the pores of the roots, bearing in so- 
lution the earthy substances which the plant requires for its healthy 
growth. ‘This is by no means an unlikely function. It is only conjec- 
tural, however, and since the experiments of Braconnot have shown that 
acetale of lime, even in small quantity, may be injurious to vegetation, 
it becomes more doubtful how far the formation of this compound in the 
soil, and the subsequent conveyance of it into the circulation of the plant, 
can be regarded as the special purpose for which acetic acid is so gene- 
rally produced during germination. 

3°. The early sap of the young shoot is sweet; it contains grape su- 
gar. This sugar is also derived from the starch of the seed. Being 
rendered soluble“by the diastase formed at the base of the germ, the 
starch is gradually converted into grape sugar as it ascends. The rela- 
tion between these two compounds has been already pointed out. 

TAREE Dike agieuites be ree pavebaw One 


QuarE Sucane vort!. v= Opy Hy, Ops 


Difference . . = H, O.; or the ele- 


ments of two atoms of water. The water which is imbibed by the seed 
12 
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from the soil, forms an abundant source from which the whole of the 
starch, rendered soluble by the diastase, can be supplied with the ele- 
ments of the two atoms of water which are necessary to its subsequent 
conversion into grape sugar 

4°, ‘The diastase is furmed when the seed begins to sprout, at the ex- 
pense of the gluten or vegetable albumen of the seed, but as its true 
constitution is not yet known, we cannot explain the exact chemical 
changes by which its production is effected. 

5°. When the true leaf becomes expanded, true wood first appears 
in sensible quantity. By what action of the sun’s rays upon the leaf 
the sugar already in solution in the sap is converted into woody fibre, 
we cannot explain. The conversion itself is 7 appearance simple 
enough, since 


Grape SueaR as . =C,, Hy, Ojo, and 
Wioony MiBRr 2.) ei) Cie bl aOe 
Dierence <u, a tee Se H, Oy; or the former 


must part with the elements of four atoms of water only, to be prepared 
for its change into the latter. Lut the true nature of the molecular* 
change by which this transformation is brought about, as well as the 
causes which lead to it and the immediate instruments by which it is 
effected, are all still mysterious. 


§2. Of the chemical changes which take place from the formation of the 
true leaf to the expansion of the flower. 


When the true leaf is formed the plant has entered upon a new stage 
of its existence. Up to this time it is nourished almost solely by the 
food contained in the seed,—it henceforth derives its sustenance from the 
air and from the soil. The apparent mode of growth is the same, the 
stem shoots upwards, the roots descend, and they consist essentially of 
the same chemical substances, but they are no longer formed at the ex- 
pense of the starch of the seed, and the chemical changes of which they 
are the result are entirely different. 

1°. The leaf absorbs carbonic acid in the sunshine, and gives off ox- 
ygen in equal bulk.f It is in the light of the sun that plants increase in 
size—their growth, therefore, is intimately connected with this absorp- 
tion of carbonic acid. 

If carbonic acid be absorbed by the leaf and the whole of its oxygen 
given off again,t carbon alone is added to the plant by this function of 
the leaf. But it is added in the presence of the water of the sap, and 
thus is enabled by uniting with it to form, as it may be directed, or as 
may be necessary, any one of those numerous compounds which may 


* All bodies are supposed to consist of particles or molecules of exceeding minuteness, 
and all chemical changes which take piace in the same mass of matter are supposed to be 
owing to the different ways in which these particles arrange themselves. We may form a 
remote idea of the way in which different positions of the same particles may produce dif- 
ferent substances, by considering how different figures in Mosaic may be produced by dif- 
ferent arrangements of the same number of equal and similar fragments of various colours. 

t Such is sensibly the result of experiment. How far this result canbe considered as uni- 
versally true, will be examined hereafter 

{ It will be recollected that carbonic acid contains its own bulk of oxygen gas: if, therefore, 


the leaf give off the same bulk of oxygen as it absorbs of carbonic acid, the result must be aa 
stated in the text. 
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be represented by carbon and water, (p.111,) and of which, as we have 
seen, the solid parts of plants are chiefly made up. y 

‘There are two ways in which we may suppose the oxygen given off 
by the leaf to be set free, and the starch, sugar, and gum, to be subse- 
quently formed. 

A. The action of light on the leafof the plant may directly decompose 
the carbonic acid afier it has been absorbed, and cause the oxyen to sep- 
arate from the carbon. and escape into the air ;—while at the same in- 
stant the carbon thus set free, may unite with the water of the sap in 
different proportions, so as to produce either sugar, gum, or starch. 
Suppose 12 atoms of carbonic acid (12 CO.) to be thus decomposed, and 
their carbon to unite with 10 of water (10 HO), we should have 

from 12 of Carsonic Acip. = Cy, 


which united to10 of WaTrrkR . . . = Hee Org 


would give 1 of Gum or of Cane Sugar = Cy, Hyo O15 
while 24 of oxygen would be given off, the whole of which would have 
been derived from the carbonic acid absorbed by the plant. 

B. Or the action of the sun’s rays may be directed, in the leaf, to the 
decomposition, not of carbonic acid, but of the water of the sap. The oxy- 
gen of the water may be separated from the hydrogen, while at the same 
instant the latter element (hydrogen) may unite with the carbonic acid 
to produce the sugar or starch. The result here is the same as before, 
but the mode in which it is brought about is very differently represented, 
and appears much more complicated. Thus, suppose 24 of water 
(24 HO) to be decomposed, and to give off their oxygen into the air, 24 of 
oxygen would be evolved as in the former case, the whole of which would 
be derived from the decomposition of water, while there would remain 

24 of Hyprocen. . = Hy 
Let this act on 12 of CarBonic Acrp = C,., On, 


and we have’as the'result “S° os. Cy, Hog Og43 

tarch, &c. Water. 

or Coy Of, + 12Hhe. 

According to this mode of representing the chemical changes, water is 
first decomposed and its oxygen evolved, then its hydrogen again com- 
bines with the carbon and oxygen of the carbonic acid, and forming two 
products—water and sugar or starch. This view is not only more com- 
plicated, but it supposes the same action of light to be—continually, at 
the same time, and in the same cireumstances—both decomposing wa- 
ter and re-forming it from its elements. While, tlerefore, there can be 
no doubt, for other reasons not necessary to be stated in this place, that 
the light of the sun really does decompose water in the leaves of plants, 
and more in some than in others—yet it appears probable that the oxygen 
evolved by the leaf is derived in a great measure from the carbonic acid 
which is absorbed; and that the principal part of the solid substance of 
living vegetables, in so far at least as it is derived from the air, is pro- 
duced by the union of the carbon of this acid with the elements of the 
water in the sap.* 


* [ ought not to pass unnoticed the opinion of Persoz (Chemie Moleculaire), tiat the 
starch, gum, &c., of plants are formed by the union of carbonic oxide (CO) with the neces- 
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We have seen reason to conclude (p. 63) that, while plants derive 
much of their sustenance from the air, they are also fed more or less 
abundantly by the soil in which they grow. From this soil they ob- 
tain through their roots the carbonic acid which is continually given off 
by the decaying vegetable matter it contains. This carbonic acid will 
ascend to the leaf, and will there undergo decomposition along with that 
which is absorbed by the leaf itself. At least we know of no function 
of the root or stem by which the carbonic acid derived from the soil can 
be decomposed and deprived of its oxygen before it reaches the leaf. 

It is distinctly stated, indeed, by Sprengel, [see above, p. 92,] that 
when the roots of a plant are in the presence of carbonic acid, the oxy- 
gen given off by the leaf is greater in bulk than the carbonic acid ab- 
sorbed. But there is one observation in connection with this point which 
it seems to me of importance to make. The leaves supply carbon to 
the plant only in the form of carbonic acid, and they give off a bulk of 
oxygen gas not exceeding that of the acid taken in, [see note, below. ] 
But if the carbon derived from the soil be also absorbed in the form of 
carbonic acid, and if the oxygen contained in this portion of acid is also 
given off by the leaf—either the quantity drawn from the soil must be 
small, compared with that inhaled from the air, or the oxygen given off 
by the leaf must, in the ordinary course of vegetation, be sensibly great- 
er than the bulk of the carbonic acid which it absorbs. 

We are too little familiar with the chemical functions of the several 
parts of plants to be able to pronounce a decided opinion on this point; 
but it appears evident that one or other of the three following conditions 
must obtain :— 

(a). Either in the general vegetation of the globe the bulk of the oxy- 
gen gas given off by the leaf during the day must always be considera- 
bly greater than that of the carbonic acid absorbed by it; or 

(b). The root or stem must have the power of decomposing carbonic 
acid and of separating and setting free its oxygen; or 

(c). The plant can derive no considerable portion of its carbon from 
the soil, in the form of carbonic acid. 

Ifthe experiments hitherto made by the vegetable physiologists be 
considered of so decisive a character as to warrant us in rejecting the 
two former conditions, the third becomes also untenable. 
sary proportions of oxygen and hydrogen derived from the water of the sap. This opinion 
implies that, in the leaf. carbonic acid (COz ) is decomposed into carbonic oxide and oxy- 
gen (CO + O), and that water likewise is decomposed,—the oxygen produced by both de- 


compositions being given off either into the air by the leaves, or into the soil by the roots. 
The production of grape sugar, therefore, according to this hypothesis, would be thus repre- 


sented.:— There are retained, and given off. 
From 12 of CarBonic Acip = 12CO2 - - - C12 OLR O12 
From l2of WaTrER- - - =12HO - - - M2 OR 
Ciz Miz O12 Ow 
grape sugar 


_— 

Of the 24 of oxygen thus given off, the opinion of Persoz is, that only one-half is evolved 
by the leaf—and the principal fact on which his opinion rests is that observed by De Saus- 
sure, that plants of Vinca minor gave off by their leaves, in his experiments, only two-thirds 
of the oxygen contained in the carbonic acid they absorbed. This result has led Berzelius 
also to conjecture thatthe leaves of plants do not retain merely the carbon of the carbonic 
acid, but some compound of carbon with oxygen, containing much less of this element than 
the carbonic acid does (Traité de Chemie, V , p. 69). The principal objection to this view, 
however, is the quantity of oxygen it supposes to be rejected by the rool. ‘The experiments 
on which it is founded require confirmation and extension. 
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3°. Without dwelling at present on this point, the above considera- 
tions may be regarded as giving additional strength or probability to the 
conclusions we formerly arrived at (p. 63) from other premises—that 
the roots, besides carbonic acid, absorb certain other soluble organic 
compounds, which are always present in the soil in greater or less 
quantity, and that the plant appropriates and converts these into its own 
substance. Some of these organic compounds may readily, and by ap- 
parently simple changes, be transformed into the starch and woody fibre 
of the living vegetable. The illustration of this fact will be reserved 
until, in the second part of these lectures, I come to treat of the vegeta- 
ble portion of soils, and of the chemical nature and constitution of the 
organic compounds of which it consists, or to which it is capable of giv- 
ing rise. 

4°. The chemical changes above explained (a), show how, from 
carbonic acid and the elements of water, substances possessed of the 
elementary constitution of sugar and gum may, by the natural processes 
of vegetable life, obtain the elements of which they consist, and in the 
requisite proportions. They throw no light, however, upon the me- 
chanism by which these elements are constrained, as it were, to assume 
first the form of gum or sugar, or soluble starch, and afterwards, in 
another part of the plant, of insoluble starch and woody fibre. 

It is known that the sap deposits starch and woody fibre in the stem, 
only in its descent from the leaf,—and it is, therefore, inferred that the 
action of light upon the sap, as it passes through the green parts, is ne- 
cessary to dispose the elements to arrange themselves in the form of 
vascular fibre or lignin. And as, by the agency of nitric acid, starch 
appears to be convertible into woody fibre (p. 126), it is not unlikely 
that the soluble substances, containing nitrogen, which are present in 
the sap may—as diastase does upon starch—exercise an agency in trans- 
forming the soluble sugar, gum, &c., of the sap into the insoluble starch 
and woody fibre of the seed and the stem. We are here, however, upon 
uncertain ground, and [ refrain from advancing any further conjectures. 

Two great steps we have now made. We have seen how the germ 
lives and grows at the expense of the food stored up in the seed—and 
how, when it has obtained roots and leaves, the plant is enabled to ex- 
tract from the air and from the soil such materials as, in kind and quan- 
lity, are fitted to build up its several parts during its future growth. 
That considerable obscurity still rests on the details of what takes place 
in the interior of the plant, does not detract from the value of what we 
have already been able to ascertain. 


§ 3. On the production of ovalic acid in the leaves and stems of plants. 


In the preceding section we have studied the origin of those sub- 
stances only which form the chief bulk of the products of vegetation, 
and which are characterized by a chemical constitution of such a kind 
as enables them to be represented by carbon and water. But during 
the stage of vegetable growth we are now considering, other compounds 
totally different in their nature are also produced, and in some plants in 
sufficient quantity to be deserving of a separate consideration. Such is 
the case with oxalic acid. 

The circumstances under which this acid occurs in nature have al- 
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ready been detailed. It is found in small quantities in many plants. 
The potash in forest trees is supposed to be in combination with oxalic 
acid, while in the lichens oralate of lime serves a purpose similar to that 
performed by the woody fibre of the more perfect plant; it forms the 
skeleton by which the vegetable structure is supported, and through 
which its vascular system is diffused. 

The production of this acid in the living plant is readily understood 
when its chemical constitution (C, O;) is compared with that of car- 
bonic acid (CO,). For 

2 of Cargontc Actip= Cy, O, 
lof Oxanic Acip =C,O, 


Difference... 0°27 O} 

That is to say, 2 of carbonic acid are transformed into 1 of oxalic acid 
by the loss of 1 equivalent of oxygen—or generally, carbonic acid by the 
loss of one-fourth of its oxygen may beconverted into oxalic acid. 

But the leaf absorbs carbonic acid and gives off oxygen. In the lichens, 
therefore, which contain so much oxalic acid, a large portion of the car- 
bonic acid absorbed is, by the action of light, deprived of only one-fourth 
of its oxygen, and is thus changed into oxalic acid. The same is true to 
a smaller extent of the sorrel leaves and stems, which owe their sour- 
ness to the presence of oxalic acid—of the leaves and stems of rhubarb 
also—in a still smaller degree of the beech and other large trees, in 
which much potash, and probably also of marine plants, in which 
much soda is found to exist. It must be owing to the peculiar structure 
of the leaves of each genus or natural order of plants, that the same ac- 
tion of the same light decomposes the carbonic acid in different degrees 
—evolving in some a less proportion of its oxygen, and causing in such 
plants the formation of.a larger quantity of oxalic acid. 

The fact of the production of this oxalic acid, to a very considerable 
amount in many plants, is a further proof of the uncertainty of those 
experiments from which physiologists have concluded that the leaves 
of plants emit a bulk of oxygen sensibly equal to that of the carbonic 
acid absorbed.* i 

I have referred the production of more or less oxalic acid in different 
plants to the special structure of each, and this must be true, where, in 
the same circumstances, different results of this kind are observed to 
take place—as where sorrels and sweet clovers grow side by side. Yet 
the influence of light of different degrees of intensity on the same plant, 
is beautifully shown by the leaves of the Sempervivum arboreum, of the 
Portulacaria afra, and other plants which are sour in the morning, tasteless 

* Were we permitted, in the absence of decisive experiments, to state as true what theo- 
retical considerations plainly indicate, we should say— 

1°. That plants containing much oxalic or other similar acids, and not deriving much car- 
bonic acid from the soil, must give off from their leaves a bulk of oxygen less than that of the 
carbonic acid absorbed. 

2°. That plants containing no sensible quantity of such acids, nor fed by carbonic acid 
from the soil. may evolve oxygen sensibly equal in bulk to the carbonic acid absorbed. 

3°. That if little of these acids be present, and much carbonic acid be absorbed from the 
soil, the volume of oxygen given off by the green parts of the plant must be sensibly greater 
than that of the carbonic acid they absorb. 

4°. Thatthe leaves of the pines and other trees containing much turpentine—in which 
hydrogen is in excess—must at all times give off oxygen in greater bulk than the*carbonie 


acid they absorb. They must decompose water as well as carbonic acid, and evolve the 
oxygen of both. 
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in the middle of the day, and bitter in the evening.—[Sprenge , Chemie, 
IL., p.321.] During the night the oxygen has accumulated in these plants 
and formed acids containing oxygen in excess (p. 127.) As the day ad- 
vances this oxygen is given off; under the influence of light the acids are 
decomposed, and the sourness disappears. 

In the juices of plants before the period of flowering, other acids are 
met with besides the oxalic acid, though in much smaller quantity. As 
the most important of these, however, occur more abundantly in fruits, 
we shall consider the theory of their formation in the following section. 


§ 4. Of the chemical changes which take place between the opening of the 
flower and the ripening of the fruit or seed. 

The opening of the flower is the first and most striking step taken by 
the plant towards the production of the seed by which its species is to be 
perpetuated. That at this period a new series of chemical changes com- 
tnences in the plant is obvious from the following facts :— 

1°. That the flower leaves absorb oxygen and emit carbonic acid both 
by day* and by night (p. 95.) 

2°. That they also occasionally emit pure nitrogen gas. 

3°. That the juice of the maple ceases to be sweet when the flowers 
are matured (Liebig,) and that, in the sugarcane and beet root, the sugar 
becomes less abundant when the plant has begun to blossom. ; 

These facts sufficiently indicate the commencement of new change 
in the interior of plants at this period of their growth. That such changes 
go on until the ripening of the seed is also evident from these further ob- 
servations :— 

1°. That the husk of the future seed, as in the corn-bearing grasses 
(wheat, oats, &c.,) is filled at first with a milky liquid, which becomes 
gradually sweeter and more dense, and finally consolidates into a mix- 
ture of starch and gluten, such as is presented by the flour of different 
species of corn. 

2°. That the fruit in which the seeds of many plants is enveloped is 
at first tasteless, afterwards more or less sour, and finally sweet. In a 
few fruits only, as in the lime, the lemon, and the tamarind, does a suf- 
ficient quantity of acid remain to be sensible to the taste, when the seed 
has become perfectly ripe. The acid and cellular fibre both diminish 
while the sugar increases. ‘ 

3°. That fruits, while green, act upon the air like the green leaves and 
twigs—but that, as they approach maturity, they also absorb or retain 
oxygen gas (De Saussure.) The same absorption of oxygen takes place 
when unripe fruits are plucked and left to ripen in the air (Berard.) 
After a time the latter also emit carbonic acid. 


I.—FORMATION OF THE SEED. 


In the case of wheat, barley. or other plants, which yield farinaceous 
seeds, we have seen that previous to flowering the chief energy of the 
living plant is expended in the production of the woody fibre of which 
its stem and growing branches mainly consist; and we have also been 
able to understand, in some degree, how this woody fibre is produced 
fromm the ordinary food of the plant. When the flower expands, how- 


* By day the absorption is the greater, but the bulk of the oxygen taken in is always 


greater than thatef the carbonic acid given off. 
~ 
é 


- 


140 FORMATION OF THE SEED, AND RIPENING OF THE FRUIT. 


ever, the plant has in general, and especially if an annual plant, reached 
nearly to maturity, and woody fibre is little required. ‘The most im- 
portant of its remaining functions is the production of the starch and glu- 
ten of the seed, and of the substances which form the husk by which the 
seed is enveloped. 

In the first stages of the plant’s growth, the starch of the seed is 
transformed into gum and sugar, and subsequently, when the leaves are 
expanded, into woody fibre. In the last stages of its existence, when it 
is producing the seed, the sugar of the sweet and milky sap is gradually 
transformed into starch—that is to say, a process exactly the converse 
of the former takes place. 

We are able, in some measure, to explain the mode and agency by 
which the former transformation is effected—the latter, however, is still 
inexplicable. We can ourselves, by the agency of diastase, transform 
starch into sugar ; and, therefore, can readily believe such transforma- 
tions to be effected in the young plant ;—but we as yet know no method 
of re-converting sugar into starch ; and, therefore, we can only hazard 
conjectures as to the way in which this change is brought about in the 
interior of the plant during the formation of the seed. 

It is said that nitrogen is given off by the flower leaf. We know that 
this element is present in the colouring matter of the petal, and that itis a 
necessary constituent of the albumen and gluten, which are always as- 
sociated with the starch of the seed. It is plain, then, that the nitrogene- 
ous substances [substances containing nitrogen,| contained in the sap at 
all periods of the plant’s growth, are carried up in great quantity to the 
flower and seed vessel. These substances are supposed to be concerned as 
immediate agents in effecting the transformations which there take place. 
More than this, however, we cannot as yet venture even to conjecture. 


I].——-RIPENING OF THE FRUIT. 


In these plants, again, which invest their seed with a pulpy fruit—in 
the grape, the lemon, the apple, the plum, &c.—other changes take 
place, at this period, of a more intelligible kind, and other substances are 
formed, on the production of which less obscurity rests. At one stage of 
their growth, these fruits, as has been already stated, are tasteless—in the 
next, they are sour—in the third, they are more or less entirely sweet. 

I. In the tasteless state they consist of little more than the substance 
of the leaf—of vascular, or woody fibre, filled with a tasteless sap, and 
tinged with the colouring matter of the green parts of the plant. For a 
time, this young fruit appears to perform in reference to the atmosphere 
the usual functions of the leaf—it absorbs carbonic acid and gives off oxy- 
gen, and thus extracts from the air a portion of the food by which its growth 
is promoted, and its size gradually increased. 

[I. But after a time this fruit becomes sour to the taste, and its 
acidity gradually increases—while at the same time it is observed to 
give off a less comparative bulk of oxygen than before. Let us consi- 
der shortly the theory of the production of the more abundant vegetable 
acids contained in fruits. 

1°. The tartaric acid which occurs in the grape is represented by 
C, Hz O; (p. 124). 

There are two ways in which we may suppose this acid to be formed 
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in the fruit—either directly from the elements of carbonic acid and wa- 
ter with the evolution of oxygen gas—or from the gum and sugar al- 
ready present in the sap aided by the absorption of oxygen from the at- 
mosphere. Thus 
A. 4 of Cargonic Acip = C, b 
POP Wark oi) 72) His", 
--  Tartaric Acid. 


Sim 2.5442 == Cy Hy, Oj jor Cy Hg, Os 50. 
That is, one equivalent of tartaric acid may be formed from 4 of carbon- 
ic acid absorbed by the leaf or fruit, and 2 of the water of the sap, while 
5 of oxygen are at the same time given off by the leaf. Or, 
B. If Grape Sugar be C,. Hy. Oye 
+ of Grape Stucarn=—C, H, O; 
SOT eT Onrn ta. t 


O 


3 
— —— Tartaric Acid. Water. 


Samp dit =O, Hy Og) on, H 3) 0,'4- HO, 
Thet is, by the absorption from the air of a quantity of oxygen equal to 
that which it already contains, grape sugar may be converted into tar- 
taric acid and water. 

In the sorrels and other sour-leaved plants, which contain tartaric acid 
in their general sap, the acid may be formed by either of the processes 
above explained. In the sunshine their green parts absorb carbonic 
acid and evolve oxygen. If any of these green parts give off only 3 of 
the oxygen contained in the carbonic acid they drink in, tartaric acid 
may be produced (A.) In the dark they absorb oxygen and give off 
carbonic acid. Ifthe bulk of this latter gas which escapes be less than 
that of the oxygen which enters, a. portion of the sugar or gum of the 
sap may, as above explained (B.), be converted into tartaric acid. 

We have as yet no experiments which enable us to say by which of 
these modes the tartaric acid is really produced in such plants—or 
whether it may not occasionally be compounded by both methods. 

In green fruits also, in the sour grape for example, it may, in like 
manner, be produced by either method. The only experiments we yet 
possess, those of De Saussure, though not sufficient to decide the point, 
are in favour of the former explanation (A.) In the estimation of this 
philosopher, the proportion of the oxygen of the carbonic acid which is 
retained by the fruit, is sufficient to account for the acidity it gradually 
acquires. 

2°. Malic and citric acids.—These acids are represented (p. 127) by 
the common formule C, H, O,. They may be produced from water 
and carbonic acid, if three-fourths only of the oxygen of the latter be 
given off. Thus 


4 of Cargonic Acip = C, O, 
BE VAPOR ee B,'O2 
Malice Acid. 
Sams: .)0 w==/Cy Hy, Oj = C, H, O, + 60. 
Se 


That such a retention of one-fourth of the oxygen otf the carbonic acid 
occasionally takes place in the green fruit, is consistent with the obser- 
vations of De Saussure. The lime and the lemon are fruits on which 
the most satisfactory experiments might be made with the view of fi- 
nally determining this point. 
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IfI. This formation of acid proceeds for a certain time, the fruit be- 
coming sourer and sourer; the acidity then begins to diminish, sugar is 
formed, and the fruit ripens. ‘The acid rarely disappears entirely, even 
from the sweetest fruits, until they begin to decay ; a considerable por- 
tion of it, however, must be converted into grape sugar, as the fruit ap- 
proaches to maturity. ‘This conversion may take place in either of two 
ways. 
1°. By the direct evolution of the excess of oxygen. Thus 
3 of Tarrarnic Acip = C,, H, O,; 


6LOfAWaTeR) 19) 4.6 Ei iO, 
—- ——_ Grape Sugar. 
Sum . ° 7 Care Hey On, — Cx Has O12 3 90. 


—_——~>r-- 
Or grape sugar may be formed from 3 of tartaric acid and 6 of the water 
of the sap, by the evolution, at the same time, of 9 of oxygen. Citric 
and malic acids, in the same proportion, would form grape sugar by the 
evolution of 6 of oxygen only. 

Do fruits, when they have reached their sourest state, begin thus to 
give off an excess of oxygen? I know of no experiments which as yet 
decide the point. 

2°. By the absorption of oxygen and the evolution of carbonic acid. 
Thus in the case of tartaric acid, 

1 of Tarraric Acro = C, H, O; 


1 of Oxygen. . . : 
=—— 3éth of Grape €arbonic 


Sugar. Acid. 
Woe wot Cr Gta Cn, —— On dhe. Oo Ee 2 
Where one of oxygen is absorbed and two of carbonic acid given off. 
Or in the case of the malic and citric acids, 
I of Matie Acry = C, H, 0, 


2 of OxyGEN. - = A 
pee 46th of Grape Carbonie 


Sugar. Acid. 
Sunercs vies GP Hae iGo Be Ost GOs 
Where 2 of oxygen are absorbed and 2 of carbonic acid given off. 

We know from the experiments of Berard that, when unripe fruits 
are plucked, they do not ripen if excluded from the access of oxygen 
gas—but that in the air they ripen, absorbing oxygen at the same ume, 
and giving off carbonic acid. This second method (2°) therefore ex- 
hibits the more probable theory of the ripening of fruits after they are 
plucked ; and if—as they become coloured—fruits imitate the petals of 
the flower in absorbing oxygen from the air and giving off carbonic aeid, 
it will also represent the changes which take place when they are per- 
mitted to ripen on the tree. 

During the ripening of the fruit, it has been stated that the woody or 
cellular fibre it contains gradually diminishes, and is converted into su- 
gar. This is familiarly noticed in some species of hard or winter pears. 
In sour fruit, the cellular fibre seldom exceeds 2} per cent. of their 
whole weight ;—in ripe fruits, however, it is sull less, and as the con- 
stitution of this substance is so analogous to that of grape sugar, there is 
no difficulty in understanding that it may be readily converted into the 
latter, though the immediate agency by which the transformation is 


effected is as yet unknown to us. 
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§5. Of the chemical changes which take place after the ripening of 
the fruit and seed. 


When the seed is fully ripe, the functions of annual plants are dis- 
charged. They no longer require to absorb and decompose carbonic 
acid, for their growth is at an end. Their leaves begin, therefore, to 
take in oxygen only, become yellow, and prepare along with the entire 
plant, for being finally resolved again into those more elementary sub- 
stances from which they were originally com pounded. 

On tres and perennial plants, however, a further labour is imposed. 
In the ripened seed they have deposited a supply of food sufficient to 
sustain the germ that may spring from it, until it is able to seek food for 
itself; but the young buds already formed,—and which are to shoot out 
from the stem and branches in the ensuing spring,—are in reality so 
many young plants for which a store of food has yet to be laid up in the 
inner bark, and in the weod of the tree or shrub itself. 

In the autumn, the sap of trees and permanent shrubs continues to 
flow rapidly till the leaf withers and falls, and the food of the plant is 
converted partly into woody fibre, as was the case during the earlier 
period of the year, and partly into starch. The former is deposited be- 
neath the inner bark to form the new layer of wood by which the tree is 
annually enlarged; the latter—partly in the same locality, as in the 
birch and pine—partly throughout the substance of the wood itself, as in 
the willow—while in the palm trees and cycadez, it is intermingled 
with the central pith. The chemical changes by which the food is ca- 
pable of being converted into these substances have already been con- 
sidered. They proceed during the entire autumn, do not cease so long 
as the sap continues to move, and even in the depth of winter slowly and 
silently operate in storing up farinaceous matter—in readiness, like the 
starch in the seed, te minister to the nourishment of the young bud, when 
the warmth of the coming spring shall awaken it from its long sleep. 


§6. Of the rapidity with which these changes take place, and the 
circumstances by which they are promoted. 


But remarkable as those chemical changes are, the rapidity with 
which they sometimes take place is no less surprising. 

From carbonic acid and water we have seen that the plant, by very 
intelligible processes, can extract the elements of which its most bulky 
parts cunsist—and can build them up inmany varied ways, most of which 
are probably beyond the reach of imitation. But who can understand or 
explain the extraordinary activity which pervades the entire vascular 
system of the plant, when circumstances are favourable to its growth? 

A stalk of wheat has been observed to shoot up three inches in as 
many days, of barley six inches in the same time, and a vine twig 
almost two feet, or eight inches a day (Du eon Cucumbers have 
been known to acquire a length of twenty-four inches in six days, and 
in the Botanic Garden at Brussels f was shown a bamboo five inches in 
diameter, which had increased in height nine feet in twenty-seven days, 
sometimes making a progress of six to eight inches ina day. In our 
climate we meet with few illustrations of the rapidity with which plants 
are capable of springing up in the most favourable circumstances, and 
the above examples probably give us only an imperfect idea of the ve- 
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locity with which the bamboo, the palm, the tree fern, and other vascu- 
lar plants, may grow in their native soil and climate. And with what 
numerous and complicated chemical changes is the production of every 
grain of the substance of these plants attended—how rapidly must the 
food be selected and absorbed from the air and from the soilt—how 
quickly transformed and assimilated ! 

The long period of time during which, year after year, these changes 
may proceed in the same living vessels, or in the same tree, is no less 
wonderful. Oaks have lived to an age of 1500 or 2000 years—yew 
trees to 3000 years—and other species are mentioned as having flour- 
ished from 4500 to 6000 years; while even a living rose tree (rosa 
canina) is quoted by Sprengel as being already upwards of 1000 years 
old.—[Sprengel, Lehre vom Dinger, p. 76.] 

The rapidity of the growth of a plant, and the length of its life, are 
equally affected by circumstances. On a knowledge of these circum- 
stances, and of the means of controlling or of producing them, the en- 
lightened practice of agriculture is almost entirely dependent. 

Over the natural conditions on which vegetation in general depends, 
we can exercise little control. By hedge-rows and plantations we can 
shelter exposed lands, but, except in our conservatories and hot-houses, 
the plants we can expect to cultivate with profit will always be deter- 
mined by the general climate in which we live. So the distribution of 
rain and sunshine are beyond our control, and though it is ascertained 
that a thundery condition of the atmosphere is remarkably favourable to 
vegetable growth, [Sprengel, Lehre vom Diinger, p. 73], we cannot 
hope that such a state of the air will ever be induced at the pleasure or 
by the agency of man. But under the same naiurai conditions of cli- 
mate, there are many artzfictal methods by the use of which it is within 
our power to accelerate the growth, and to increase the produce, of the 
most valuable objects of ordinary culture. 

Thus the germination of seeds in general is hastened by watering with 
a solution of chlorine (Davy), or of iodine or bromine (Blengini), and 
Davy found that radish seed which germinated in two days when wa- 

ered with solutions of chlorine or sulphate of iron, required three when 
watered with very dilute nitric acid, and five with a weak solution of 
sulphuric acid. 

dt is familiarly known also in ordinary husbandry, that the applica- 
tion of manures hastens in a similar degree the development of all the 
parts of plants during every period of their growth—and largely increases 
the return of seed obtained from the cultivated grains. Ammonia and 
its compounds likewise, and nitric acid and its compounds, with many 
other saline substances existing in the mineral kingdom and occurring in 
soils, or which are produced largely in our manufactories, have been 
found to produce similar effects. 

i: would be out of place here to enter upon the important and interest- 
ing field opened up to us by a consideration of the influence exercised 
by these and other substances, in modifying bothin kind and in degree the 
chemical changes which take place in living vegetables. ‘The true mode 
of action of such substances—iheir precise effects—the circumstances 
under which these effects are most certainly produced—and the theoreti- 
cal views on which they can be best accounted for—will form a subject of 
special and detailed examination in the third part of the present lectures. 


LECTURE VIII. 


How the supply of food for plants is kept up in the general vegetation of the globe.—Propor- 
tion of their food drawn by plants from the air.~Supply of carbonic acid.—Supply of ammo- 
nia and nitric acid.—Preduction of both in nature.—Theory of their action on living vege- 
tables.—Concluding observations. 


Havrine shown in the preceding Lecture in what way, and by what 
chemical changes, the substances of which plants chiefly consist may 
be produced from those on which they live,—there remains only one 
further subject of inquiry in connection with the organic constituents of 
plants. 

Plants, as we have already seen, derive much of their sustenance from 
the carbonic acid of the atmosphere ; yet of this gas the air contains only 
a very small fraction, and in so far as experiments have yet gone, this 
fractional quantity does not appear to diminish—how, then, is the sup- 
ply of carbonic acid kept up? 

Again, plants most probably obtain much of their nitrogen either from 
ammonia or from nitric acid ; and yet, neither in the soil nor in the air 
do these compounds permanently exist in any notable quantity, —whence 
then is the supply of these substances brought within the reach of plants? 

The importance of these two questions will appear more distinctly, if 
we endeavour to estimate how much of their carbon plants really draw 
from the atmosphere—and how much of the nitrogen they contain must 
be derived from sources not hitherto pointed out. 


§ 1. Of the proportion of their carbon which plants derive from the 
atmosphere. 


On this subject it is perhaps impossible to obtain perfectly accurate 
results. Several series of experiments, however, have been published, 
which enable us to arrive at very useful approximations in regard to the 
proportion of their carbon which plants, growing in a soil of ordinary 
fertility, and in such a climate as that of Great Britain, actually extract 
from the air by which they are surrounded. 

1°. In an experiment made in 1824, upon common borage (Borago 
officinalis), Lanpadius found that after a growth of five months (from 
the 3rd of April te the 6th of September) this plant produced ten times 
as much vegetable matter as the soil in which it grew had lost during 
the same period.* In other words, it had drawn nine-tenths of tts car- 
bon from the air. 

2°. The experiments of Boussingauit were made, if not with more 
care, at least upon a greater number of plants, and were protracted 
through a much longer period. It is necessary that we should under- 
stand the principle on which they were conducted, in order that we 
may be prepared to place confidence in the determinations at which he 
arrived. 


* The above experiment may have been correctly made, but the result appears at first 
sight too startling to be readily received as indicative of the proportion of their sustenance 
drawn by plants from the air in the general vegetation of the globe. 
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If we were to examine the soil of a field on which we are about to 
raise a crop of corn—and should find it to contain a certain per-centage, 
say 10 per cent. of vegetable matter (or 5 per cent. of carbon) ;—and 
after the crop is raised and reaped should, on a second examination, 
find it to contain exactly the same quantity of carbon as before, we 
could not resist the conviction, that, with the exception of what was 
originally in the seed, the plant during its growth had drawn from the 
air all the carbon it contained. The soil having lost none, the air must 
have yielded the whole supply. 

Or if after examining the soil of our field we mix with it a supply of 
farm-yard manure, containing a known weight, say one ton of carbon, 
and when the crop is reaped find as before that the per-centage of vege- 
table matter in the soil has suffered no diminution,* we are justified in 
concluding that the crop cannot, at the utmost, have derived from the 
soil any greater weight of its carbon than the ton contained in the ma- 
nure which had been added to it. 

Such was the principle on which Boussingault’s experiments were 
conducted. He determined the per-centage of carbon in the soil before 
the experiment was begun—the weight added in the form of manure— 
the quantity contained in the series of crops raised during an entire rota- 
tion or course of cropping, until in the mode of culture adopted it was 
usual to add manure again—and lastly, the proportion of carbon re- 
maining in the soil. By this method he obtained the following results 
in pounds per English acre, in three different courses of cropping, and 
on the same land :— 


Carbon Carbon Difference, or 
in the in Carbon derived REMARKS. 
manure. the crops. from the air. 
( The first was a5 years’ 
course—of potatoes or 
First Course 2513 7544 5031 red beet with manure, 


wheat, elover, wheat, 
oats; the second and 


Second do. —_ — 6839 ¢ =< sarees 
most productive rota- 
tion was abandoned on 
Third do. —_— _ 3921 account of the climate ; 
the third was a3 years” 
[ course. 


The result of the first course indicates that—the land remaining, in 
equal condition at the end of the four years as it was at the beginninga— 
the crops collected during these years contained three times the quantity 
of carbon present in the manure, and therefore the plants, during their 
growth, must on the whole have derived two-thirds of their carbon from 
the air. 

It will be shown in a subsequent section that even when the soil is 
lying naked the animal and vegetable matter it contains is continually 
undergoing diminution, owing to decomposition and the escape of vola- 
tile substances into the air. It is fair, therefore, to assume that a con- 


* Ineed scarcely remark that, in the hands of a good farmer, who keeps his land in good 
heart—the quantity of organic matter in the soil at the end of his course of cropping should 
be as great, at least. as it was at the beginning of his rotation, before the addition of the 
manure. 
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sidcrable portion of the carbon of the manure and of the soil would 
naturally disappear during the four years’ cropping above-mentioned, 
and that, therefore, the proportion of carbon derived from the air in 
Boussingault’s experiments, must have been really considerably greater 
than is indicated by the numerical results. 

Let two-thirds of the entire quantity of carbon contained in a series of 
crops be taken as the average proportion, [Lecture II., p. 31,] which, on 
cultivated land in our climate, must be derived from the air in the form 
of carbonic acid—and let the average weight of the dry crop reaped be 
estimated at a ton and a half per acre. ‘Then, if the crop contain half 
its weight of carbon,* the plants grown on each acre must annually ex- 
tract from the air 10 ewt. or 1120 Ibs. of carbon in the form of carbonic acid. 


§2. Of the relation which the quantity of carbon extracted by plants from 
the air, bears to the whole quantity contained in the atmosphere. 


But the question will here at once suggest itself to you—does not the 
quantity thus extracted from the air really form a very large proportion 
of the whole weight of carbon which is contained in the atmosphere? A 
simple calculation will give us clear ideas in regard to this interesting 
point. . 

We have already seen that, by the results of De Saussure, the aver- 
age quantity of carbonic acid in the atmosphere of our globe may be 
estimated at 53,5 part of its entire bulk. This is equal very nearly 
10 sioq Of its weight.t Or taking the whole weight of the atmosphere 
at 15 lbs. on the square inch—that of the carbonic acid will be 0-009 lbs. 
or 63 grs. per square inch. But as carbonic acid contains only 272 per 
cent. of its weight of carbon, the weight of this element which presses 
on each square inch of the earth’s surface isonly 17? (17°39) grs. Upon 
an acre this amounts to 7 tons.} 

But if the crop on each acre of cultivated land annually extracts from 
the air half a ton of carbon, the whole of the carbonic acid in the atmos- 
phere would sustain such a vegetation over the entire globe for 14 years 
only. And if we even suppose such a vegetation to extend over one 
hundredth part of the earth’s surface only, it still appears sufficient to 
exhaust the carbonic acid of the air in 1400 years. 


* Boussingault states, that of all the plants usually cultivated for food—so far as his experi. 
ments have gone—the Jerusalem artichoke draws the largest portion of its sustenance from 
the air—or yields the greatest weight of food from the smallest weight of manure. It is true 
generally indeed that all those plants, which, like the Jerusalem artichoke and the white 
carrot, grow freely on sandy soils containing little vegetable matter and with the addition 
of little manure, extract the greatest proportion of their sustenance from the air. Such 
plants, therefore, are likely to prove the most profitable articles of culture where such soils 
and a scarcity of manure simultaneously prevail. 


t The mean of 225 experiments made by De Saussure between 1827 and 1829 gave as 
above stated about 4-10000 or 1-2500th part for the mean bulk of the carbonic acid in the air, 
which is nearly 6-1000ths of its whole weight. Amoug these observations the maximum 
was 5°8 ten-thousandths, the minimum 3°15. If we take the maximnm bulk at 6-10000ths 
of the air—the maximum weight of the carbonic acid is nearly 9-10000!hs of that of the at- 
mosphere. In elementary works it is generally stated in round numbers at [-1000th of the 
weight of the air, but ifthe best experimental results we possess are to be any guide to us, 
this is at least one-third too high. 

It is also of consequence to remark, that this estimate of the whole weight of the carboni¢ 
acid in the air is founded on the supposition that, in the highest regions of the atmosphere 
the carbonic acid is present ina proportion nearly equal to that in which it is found imme 
diately above the earth’s surface—which is by no means established. 


t 15-593 lbs.—an acre being 4840 square yards, containing each 1296 square inches: 
rj 
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A very short period, compared even with the limits of authentic his- 
tory, has yet elapsed since experiments began to be made on the true 
constitution of the atmosphere; we have no very trustworthy data, 
therefore, on which to found a confident opinion in regard to the perma- 
nence of the proportion of carbonic acid which it now contains. The 
later observations of De Saussure do give a considerably lower estimate 
of the quantity of this acid in the air than that which was deduced from 
the results of the earlier experimenters; but the imperfection of the 
modes of analysis formerly adopted was too great, to justify us in rea- 
soning rigorously from the inferences to which they led. We cannot 
safely conclude from them that the proportion of carbon in the atmos- 
phere has really diminished to any sensible extent during this limited 
period; while the recorded identity of all the phenomena of vegetation 
renders it probable that the proportion has not sensibly diminished even’ 
within historic times. 

From what sources, then, is the supply of carbonic acid in the atmos- 
phere kept up ?—and if the proportion be permanent, by what compen- 
sating processes is the quantity which is restored to the atmosphere 
produced and regulated ? 


§ 3. How the supply of carbonic acid in the atmosphere is renewed 
and regulated. 


On comparing, in a previous lecture, the quantity of rain which falls 
with that of the watery vapour actually present in the air, we saw rea- 
son to believe that even in a single year the same portion of water may 
fall in rain or dew and ascend again in watery vapour several succes- 
sive times. Is it so also with the carbon in the air? Does that which 
feeds the growing plant to-day, again mount up in the form of carbonic 
acid at some future time, ready to minister to the sustenance of new 
races, and to run again the same round of ever-varying change? Such 
is, indeed, the general history of the agency of the carbonic acid of the 
atmosphere ; but when once it has been fixed in the plant it must pass 
through many successive changes before it is again set free. The con- 
ditions, also, under which it is restored to the atmosphere are so diver- 
sified, and the agencies by which, in each case, it is liberated, are so 
very distinct, as to require that the several modes by which the carbon 
of plants is reconverted into carbonic acid and returned to the air, should 
be made topics of separate consideration. 


I.—ON THE PRODUCTION OF CARBONIC ACID BY RESPIRATION. 
The air we breathe when it is drawn znto the lungs, contains- s25,th 


at 

of its bulk of carbonic acid; when it returns again from the lungs, the 
bulk of this gas amounts, on an average,* to jth of the whole; or its 
quantity is increased one hundred times. 

The actual bulk of the carbonic acid emitted from the lungs of a sin- 
gle individual in 24 hours varies exceedingly ; it bas been estimated. 
however, on an average, to contain upwards of five ounces of carbon.t+ 

* It varies in different individuals from 2 to 8 per cent. of the expired air. In animals it 
varies also with the species. The air from the lungs of a eat contains from 54 to 7 per cent., 


of a dog from 4} to 64, of a rabbit from 4 to 6, and of a pigeon from 3 to 4 per cent. of the 
whole bulk.—-Dulong, Ammnal. de Chim. et de Phys., third Series, I, p. 455. 


t Davy, aud Allen, and Pepys, estimated the weight of carbon evolved in a day at upwards 
of 11 ounces, a quantity which all writers have concurred in receiving with suspicion. 
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A full grown man, therefore, gives off from his lungs, in the course of a 
year, upwards of 100 lbs. of carbon in the form of carbonic acid. 

If the quantity of carbon thus evolved from the lungs be in proportion 
to the weight of the animal, a cow or a horse ought to give off six times 
as much asaman.* From indirect experiments, however, Boussin- 
gault estimated the quantity of carbon actually lost in this way by a cow 
at 2200 grammes in 24 hours, and bya horse at 2400 grammes.—[ Ann. 
de Chim. etde Phys., \xxi., pp. 127 and 136.] These quantities are equal 
to 6 or 7 times the amount of carbon given off from the lungs of a man. 

If we suppose each inhabitant of Great Britain, young and old, to ex- 
pire only 80 Ibs. of carbon in a year, the twenty millions would emit 
seven hundred thousand tons; and, allowing the cattle, sheep, and all 
other animals, to give off twice as much more, the whole weight of 
carbon returned to the air by respiration in this island would be about 
two millions of tons, or the quantity abstracted from the atmosphere by 
four millions of acres of cultivated land. 

Whence is all this carbon derived? It is a portion of that which has 
been conveyed into the stomach in the form of food. Suppose the car- 
bon contained in the daily food of a full grown man to amount to one 
peund—which is a large allowance—then it appears that, by the ordi- 
nary processes of respiration, at least one-third of the carbon of his food 
is pA returned into the air. 

In other animals the proportion returned may be different from what 
it is in man, yet the Jife of all depends on the emission to a certain ex- 
tent of the same gas.¢ And since all are sustained by the produce of 
the soil, it is obvious that the process of animal respiration is one of 
those methods by which it has been provided that a large portion of the 
vegetable productions of the globe should be almost immediately re- 
solved into the simpler forms of matter from which it was originally 
compounded, and again sent up into the air to minister to the wants of 
new races. 


li.—-ON THE PRODUCTION OF CARBONIC ACID BY COMBUSTION. 


Another important source of carbonic acid is familiar to us in the re- 
sults of artificial combustion. 

In the previous lecture 1 have shown bow, by the action of the sun’s 
rays upon the leaf, the carbonic acid absorbed from the atmosphere is 
deprived of its oxygen, and its carbon afterwards united to the elements 
of water for the production of woody fibre. During the process of.com- 
bustion, this labour of the living ieaf is undone—the carbon is made to 
combine anew with the oxygen of the atmosphere, and the vegetable 
matter is resolved again into carbonic acid and water. 

Thus, when wood (woody fibre) is burned in the air, oxygen disap- 
pears, and carbonic acid and watery vapour are alone produced. The 
theory of this change is simple. 


* Estimating the ordinary weight of a man at 150, and of a cow at 800 to 900 lbs.—See 
Sprengel, Lehre vom Diinger, p. 50s. 4 

* That the proportion must be less in the larger animals is certain, since the daily food of 
a cow may be stated generally as equivalent to 25 Ibs. of hay, containing upwards of LO lbs. of 
carbon. If one-third of this were given off from the lungs, the quantity of carbon (3% Ibs.) 
evolved would be ten times greater than was indicated by the experiments of Boussingault, 
and nearly double of what the weight of a cow, compared wlth tnat of a man, requires, 
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It will be recollected (p. 135) that in forming an equivalent of woody 
fibre or of sugar, 24 of oxygen were given off, chiefly by the leaf—so in 
again resolving these substances into carbonic acid and water, 24 of oxy. 
gen are absorbed. ‘Thus— 

1 of Woopy FisrE=C,, H, Oy 
24 of OXYGEN... == Oo, 

12 of 8 of 

Carbonic Acid. Water. 


Sum... =C,,H, Oj. = 12C0, + 8HO. 


Or, lof CanE Sugar =Cy. Ayo Oro 
24 of Oxyeen ... = On, 


12 of 10 of 
Carbonic Acid. Water. 


SOM es at Cam Tend Osea te COe ere 

The same law holds in regard to all other vegetable substances. They 
are resolved into carbonic acid and water, in proportions which neces- 
sarily vary with the chemical constitution of each: 

It applies also to all bodies of vegetable origin, among which nearly 
all combustible minerals may be reckoned. The peat and coal we burn 
in our houses and manufactories, when supplied with a sufficiency of 
atmospheric air, are resolved during combustion into carbonic acid and 
watery vapour. 

Some vegetable substances contain a small quantity of nitrogen. 
When these are burned, this nitrogen escapes into the atmosphere,— 
generally in an uncombined state,—and mingles with the air. So in 
animal substances, nearly all of which contain nitrogen as an essential 
constituent. During perfect combustion the whole of the earbon is dis- 

sipated in the form of carbonic acid, while the nitrogen rises along with 
it in an elementary state 

The result of this uniform subjection of all combustible matter to the 
operation of this one law, is the constant production on the surface of 
the globe of a vast quantity of carbonic acid ;—the re-conversion of large 
masses of organic matter into the more elementary compounds from 
which it was originally formed. 

How interesting it is to contemplate the relations, at once wise and 
beautiful, by which through the operation of such laws, dead organic 
matter, intelligent man, and living plants, are all bound together! The 
dead tree and the fossile coal lie almost useless things in reference to 
animal and vegetable life,—man employs them in a thousand ways as 
ministers to his wants, his comforts, or hts dominion over nature—and 
in so doing, himself directly though unconsciously ministers to the wants 
of those vegetable races, which seem but to live and grow for his use and 
sustenance. 

It is impossible to say what proportion of the carbon absorbed during 
the general vegetation of the globe, is thus annually restored to the at- 
mosphere by the burning of vegetable matter. That it must be very 
great, will appear from the single fact, that by far the greater part of the 
globe is dependent for its supply of fuel on the annual produce of its 
forests ;—while even in those more favoured countries where mineral 
coal abounds, the quantity of wood consumed by burning falls but little 
short of the entire yearly growth of the land. 
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‘In connection with this subject, I must draw your attention to one in- 
teresting, as well as important, fact. I have spoken of coal as a sub- 
stance of vegetable origin, and there is no doubt that all the carbon it 
contains once floated in the air in the form of carbonic acid. But the 
period when it was so mixed with the atmosphere is remote almost be- 
yond conception. When, therefore, we raise coal from its ancient bed 
and burn it on the earth’s surface, we add to the carbon of the air a por- 
tion which has not previously existed in the atmosphere of our time. 

The coal consumed in Great Britain alone is estimated at 20 millions 
of tons, containing on an average at least 70 per cent., or 14 millions of 
tons of carbon. But if the annual produce of an acre of cultivated land 
contain half a ton (p. 147) of carbon derived from the air, the coal con- 
sumed in this country would supply carbonic acid to the crops grown 
upon 28 millions of acres. Or, since in Great Britain about 34 millions 
of acres are in cultivation (p. 12), the coal we annually consume produces 
a quantity of carbonic acid which is alone sufficient to supply food to the 
crops that grow upon seven-eighths of the arable land of this country. 


1H.—PRODUCTION OF CARBONIC ACID BY THE NATURAL DECAY OF VEGE- 
. TABLE MATTER. LAW OF THIS DECAY. 


Over large tracts of country in every part of the globe, the vegetable 
productions of the soil are never cropped or gathered, but either accumu- 
late—as occasionally in our peat bogs; or decay and gradually disappear 
—as in the jungles of India or in the tropical forests of Africa and Svuth- 
ern America. 

The final results of this decay are the same as those which attend 
upon ordinary combustion, but the conditions under which it takes place 
being different, the 2mmediate results are to a certain extent different 
also. 

When a vegetable substance is burned in the air, the oxygen of the at- 
mosphere is the only material agent in effecting the decomposition. 
The carbon of the burning body unites directly with this oxygen and 
forms carbonic acid. 

In the natural process of decay, however, at the ordinary temperature 
of the atmosphere, vegetable matter is exposed to the action of both air 
and water ; these both co-operate in inducing and carrying on the decom- 
position, and hence carbonic acid is not, as in the case of combustion, the 
chief or immediate result. 

A detail of all the steps through which vegetable matter is known to 
pass before it is finally resolved into carbonic acid and water, would be 
difficult for you to understand, and is here unnecessary. A general 
view of the way in which by the united agency of air and water, the 
decay of organic substances is effected and promoted, may be made 
very intelligible, and will sufficiently illustrate the subject for our pre- 
sent purpose. 

In combustion, as we have seen, the whole of the vegetable substance 
is resolved directly into carbonic acid and water, at the expense of the 
oxygen of the atmosphere. In natural decay a small and variable por- 
tion only is so changed, but to the extent to which this change does take 
place carbonic acid is directly formed and sent up into the air. Suppose 
such a change—a slow combustion in reality—to take place to a certain 
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extent, and let us consider what becomes of the remainder of the vegeta 
ble matter. 
1°. If we add 
6 of Carponic Acip . . = C, Ore 
to 6 of Lignr CARBURETTED he jit 
Hyproeren (CH,) Tae ee a 


-, wehavethe sum ... = Cy2 Hy, O,23:0r, one of 
grape sugar ;—that is, one of grape sugar may be formed out of the ele- 
ments of 6 of carbonic acid, and 6 of light carburetted hydrogen. Or, 
conversely, grape sugar being already produced, it may he resolved or 
decomposed into these two compounds in the same proportions, without 
the aid of the oxygen of the atmosphere. 

2°. So if to 
1 of Woopy Fisre = C,, H, O, 


weadd 40f WaTeR .. ah AG 


—— Carbonic Light Carbu- 
Acid. _retted Hydrogen. 


we have, as before, C,.’'H,. O;2 = 6CO,+4+ 6 CH,; 
Or by the aid of the elements of 4 atoms of water, woody fibre may be 
resolved into 6 of carbonic acid and as many of light carburetted 
hydrogen. 
3°. Again, in the case of a vegetable acid, if to 
1 of Tartaric Acip = C, H, O; 


we add lof OxyerN .. = QO, 
—— Carbonic Light Carbu- 
Acid. retted Hydrogen. 


we have C,H, .0,.=.3,€O.,,+, CHa; 

That is, by the aid of one of oxygen from the air, one of tartaric acid 
may be resolved into 3 of carbonic acid, and 1 of light carburetted 
hydrogen. It is easy to see how any other of the more common vegeta- 
ble productions may—either at the expense of its own elements, as in 
grape sugar—or by the aid of those of water, as in woody fibre—or of 
the oxygen of the atmosphere, as in tartaric acid—be resolved into car- 
bonic acid and light carburetted hydrogen, in certain proportions. 

Now, such a resolution does really take place to a considerable extent 
in nature, during the decay of organic substances in moist situations. 
Hence the evolution of light carburetted hydrogen from dead vegetable 
matter in marshy places and stagnant pools—hence the production of 
the same gas in compost heaps, and especially in rich and heated farm- 
yard manure—and hence also its occurrence in such vast quantities in 
many of our coal mines. 

You will now be able to appreciate one of the reasons why this light 
carburetted hydrogen has been supposed by some physiologists (p. 50) 
to contribute as food to the ordinary nourishment of plants. It is pro- 
duced in nature in many and varied situations, and it has been found 
by experiment to exercise a visible influence upon the growth of plants; 
—being so produced where young plants grow, is it never imbibed by 
them ?—being possessed of this influence, is it entrusted with no control 
over the general vegetation of the globe? ; 

However this may be, by far the greatest portion of both these gases. 
escapes into the air ;—the carbonic acid to fulfil those purposes which 
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have already been considered,—the light carburetted hydrogen to under- 
go a further change, by which it also is resolved into carbonic acid and 
water. Thus, if to 

1 of Lignt Cansuretrep Hyprocen = CHe we add 

4 ORTERGR Rnd azar wadbisioutwint Dee Oig 

—— Carbonic Acid. Water. 

We have CH, O, or CO, +2HO 

Or one of this gas with 4 of oxygen may be changed into 1 of carbonic 
acid and 2 of water. 

Now, when this gas escapes into the air it becomes diffused through a 
large excess of oxygen, and is thus ready, at any instant, to be decom- 
posed. Through the atmosphere streams of electricity are continually 
flowing, and every wandering spark that passes athwart a portion of 
this mixture decomposes so much of the light gas, and produces in its 
stead the equivalent proportions of carbonic acid and watery vapour. 
Thus it happens that of the vast quantity of this and other combustible 
gases which are continually escaping into the air, so few traces are dis- 
cernible even by the aid of the most refined processes of art. By a wise 
provision of nature such substances as are void of use to either animals 
or plants, if not speedily removed from the air altogether, are there con- 
verted into such new forms of matter as are fitted to minister to the ne- 
cessities of living beings. 

Though therefore in the natural decay of vegetable matter in the pre- 
sence of air and moisture, a certain portion of its carbon escapes into the 
air in the form of light carburetted hydrogen, this compound is but a 
step towards the final change into carbonic acid and water. In the soil 
the vegetable matter is continually undergoing decay, various sub- 
stances are produced in greater or less quantity, some solid, some liquid, 
and some gaseous like the light gas of which we have been speaking,— 
but all of them, like this gas, are only hastening—some by one road, so 
to speak, and some by another—towards that final destination which 
sooner or later they are all fated to reach; when in the form of carbonic 
acid and water they shall be in a condition to minister again to the nour- 
ishment of all plants. 

While in the soil some part of this vegetable matter assumes forms 
which are capable of entering again into the roots of living plants, and, 
without further resolution in the air, of being converted by the living 
plant into portions of its own substance. The nature and composition 
of these forms of matter, su far as they are known, will be considered in 
a subsequent lecture.—[See Part II., Lectures XI—XIII., ‘On the 
constitution of soils.”| + 

It is upon the final result of this natural decay to which all vegetable 
matter is subject, that the carbonic acid of the atmosphere depends tor 
its largest supplies. The rapidity with which organized bodies perish, 
and become resolved into gaseous compounds, depends partly upon the 
climate and partly on the nature of the substances themselves,—but all 
hurry forward to the same end, and it is with difficulty that we are able 
for a time to arrest or even to retard their steps. It is by this perpetual 
and active obedience of all dead matter to one fixed law that the exist- 
ing condition of things is maintained ;—and thus it happens that either 
by the respiration of the animals which live upon it, by the process of. 
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combustion, or by that of spontaneous decay, the entire crop of vegeta- 
ble produce is apparently, year by year—taking the average of a series 
of years—resolved into the forms of matter from which it was originally 
built up ;—and the substances on which plants feed at length restored to 
the air in the precise proportion in which they have been taken from it. 


VI.—NATURAL EVOLUTION OF CARBONIC ACID IN VOLCANIC COUNTRIES. 


The above apparent conclusion would be absolutely true, were there 
no causes in operation by which the restoration to the air of a portion of 
the carbon of animal and vegetable substances is prevented—and no 
other sources, independent of existing organic matter, from which ecar- 
bonic acid may be supplied to the air. 

If the whole of the carbon be not returned to the air, the carbonic acid 
of the atmosphere may be undergoing diminution; while—if a large 
supply be constantly poured into the air from sources independent of 
vegetable matter, the proportion of carbonic acid may be continually on 
the increase. 

We have seen that the combustion of fossil coal adds to the air a 
large quantity of carbonic acid which has never before existed in the at- 
mosphere of our time. In many volcanic districts also, carbonic acid is 
observed to issue in large quantity from cracks and fissures in the earth ; 
—accompanied sometimes by water, forming mineral springs, from 
which the copious emisson of gas is readily perceived; more frequently, 
perhaps, rising up alone, and thus escaping general observation. 

Tt must obviously be exceedingly difficult to estimate the quantity of 
gas which rises into the air in such circumstances over an extensive 
tract of country, fractured and broken up by volcanic agency—where 
the outlets are numerous, and the rate at which the gas escapes very 
variable. That in many localities it must be very great, however, 
there can be no question. In the ancient volcanic district of the Eifel, 
comprising an area of many square miles around the Laacher See, on 
the left bank of the Rhine, the annual evolution of carbonic acid from 
springs and fissures has been estimated by Bischof at not less than 
100,000 tons, containing 27,000 tons of carbon. In many other districts, 
especially where active volcanoes exist, the volume of gas given off 
may be quite as great, though no attempts have hitherto been made to 
estimate its real amount. 

Yet though absolutely large, the quantity of carbonic acid disengaged 
in this way from the earth, is really small when compared either with 
the entire quantity supposed to be present in the atmosphere, or with 
that which is required for the growth of the yearly vegetation of the 
globe. Suppose that from a thousand spots on the earth’s surface a 
quantity of carbonic acid equal to the above estimate of Bischof escapes 
constantly into the air, the weight of carbon (27 millions of tons) thus 
diffused through the atmosphere would be only equal to that which is 
yearly drawn from the air by 54 millions of acres of land under cultiva- 
tion (p. 147), and only twice as much as that contained in the coal 
which is annually consumed in Great Britain alone. 

Still if the whole of the carbon contained in the produce of the general 
vegetation of the globe be ultimately restored to the air,—either by the 
respiration of animals, by the natural and slow decay of vegetable mat- 
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ter, or by the more rapid process of combustion,—the constant addition 
of carbonic acid derived from volcanoes, and from the combustion of fos- 
sil coal, should gradually, though slowly, augment the proportion of this 
gas in the air we breathe ;—unless it be perpetually undergoing a per- 
manent diminution, to at least an equal extent, from the operation of 
other causes. In reference to this point there are three circumstances 
which are proper to be considered :— 

1°. It has been observed that, as we recede from the land and ap- 
proach the centre of great lakes, or sail into the open sea, the quantity 
of carbonic acid in the air gradually diminishes. It is therefore inferred 
that the sea is constantly, and toa sensible extent, absorbing carbonic 
acid from the atmosphere, without afterwards restoring it, so far as is 
yet known, by any compensating process. 

2°. The waters which flow into the sea or great lakes constantly 
bear down with them portions of animal and vegetable matter. These 
fall along with the mud which the waters hold in suspension, and are 
permanentiy imbedded in the deposits of clay, silt, and sand, which are 
continually in the course of formation. 

3°. In many parts of the world, especially in the latitudes north and 
south of 45°, vegetable matter accumulates in the form of peat, becomes 
buried beneath clay and sand, and thus is prevented from undergoing 
the ordinary process of natural decay. 

It is impossible to say how much carbon is permanently withdrawn 
from the atmosphere by these several agencies. There is reason to be- 
lieve that it is quite as great as the quantity added to the air by the 
combustion of coal, and by the evolution of carbonic acid in volcanic 
districts. Indeed, the supply from these two sources appears to return 
only a small portion of that carbonic acid which is abstracted from the 
air by the agencies just stated, and which have been in operation during 
every geological epoch. 


Conclusions. —The general conclusions, therefore, which we seem jus- 
tified in drawing in regard to the supply of carbonic acid to the atmos- 
phere are as follow :— 

1°. That a large portion of the carbonic acid absorbed by plants is 
immediately and directly restored to the air by the respiration of the 
animals which feed upon vegetable productions. 

2°. That a still larger portion is more slowly returned by the gradual 
re-conversion of vegetable substances into carbonic acid and water dur- 
ing the process of natural decay. 

3°. That nearly all the remainder is given back in the results of or- 
dinary combustion. 

4°, That a further portion, which has not previously existed in the 
atmosphere of our time, is conveyed to it by the burning of fossil fuel, 
and by the emission of earbonic acid from cracks and fissures in the 
surface of the earth; yet that the quantity thus added cannot be sup- 
posed to exceed that which is constantly and permanently separated 
from the atmosphere by other causes. ' 

The balance of all the evidence we possess is probably in favour of 
‘he opinion that the carbonic acid in the atmosphere is slowly diminish- 
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ing; we have, however, no satisfactory evidence either from theory or 
experiment that it has undergone any sensible diminution in our time.* 


§ 4. Of the supply of ammonia to plants. 


In a previous lecture it has been shown that in our cultivated fields 
plants derive a portion of their nitrogen from the manure which is added 
to the soil. But the quantity of this element present in the manure, 
supposing it all taken up and appropriated by the plant, is seldom equal 
to that contained in the series of crops which this manure assists in raising. 

Thus, in the experiments of Boussingault already described (p. 144), 
the manure added previous to the first, or four years’ course, contained 
157 parts of nitrogen, while the crops contained 251 parts,—or nearly 
two-thirds more than could be derived from the artificial manure. 

Whence is this excess of nitrogen derived, and in what form does it 
enter into the plant? Liebig replies to these questions, that the whole 
of the nitrogen absorbed by plants enters in the state of ammonia, and 
that the excess above what is present in the manure is drawn either 
from the soil or from the air. This opinion, advanced by so high an 
authority, demands our attentive consideration. 

Ammonia has been detected in many clays, and traces of it may be 
discovered in most soils, but it is not known to be a natural or essential 
constituent of any of the solid rocks of which the crust of the globe is 
composed. These clays and soils, therefore, may be supposed to have 
derived their ammonia from the atmosphere ; and Liebig ascribes the 
fertilizing action of the air upon stiffclays when fallowed, of burned clay 
when applied as a top-dressing, and of gypsum on grass lands [see note 
to page 53], to the larger quantity of ammonia which the surface of the 
soil is by these means caused to absorb and retain. 

There is no question that ammonia is present in the atmosphere in 
small and variable quantity (p. 37). Whence is this ammonia derived, 
and is its quantity sufficient to supply the demands of the entire vegeta- 
tion of the globe? 

When animal substances undergo decay, nearly all the nitrogen they 
contain is ultimately separated from the other constituents in the form of 
ammonia. During the decay of plants also, a portion of their nitrogen 
escapes in the state of ammonia. Of the ammonia thus formed, much 
ascends into the air, chiefly in combination with carbonic acid as carbonate 
of ammonia (smelling salts), and much remains in the soil. Were the 
whole of the nitrogen contained in plants and animals to assume the 
form of ammonia when they decay, and to remain in the soil or in the 
air, it would always be within the reach either of the roots or leaves of 
the living races; and thus the same ammonia,[or ammonia containing 
the same nitrogen—supposing the hydrogen to have been changed] 
might again and again return into the circulation of new vegetable tribes, 
and be always alone sufficient to supply all the demands of the exist- 
ing vegetation of the globe. 

But of the ammonia thus formed, a portion is daily washed from the 
soil by the rains and carried to the sea, and much more probably is 


* Inanother work (Chemical Geology) now preparing for publication, I have discussed 
this question in connection with purely Geological considerations and without reference to 
our time ; but it would be out of place to introduce here any train of reasoning which is not 
calculated to throw light on the phenomena of the existing vegetation of the globe. 
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wasbed from tne air by the waters of the sea itself, or by the rains which 
fall directly into the wide oceans; and we know of no compensating 
process by which this ammonia can be restored to the air, and again 
made usetul.to vegetation. 

Besides, of that which still remains in the air much must undergo 
decomposition by natural processes. In treating in a preceding section 
of the evolution of light carburetted hydrogen during the slow decay of 
vegetable matter {p. 153), I have shown how, in consequence of its ad- 
mixture with the oxygen-of the atmosphere, this gas is finely decom- 
posed, while carbonic acid and water are produced. Ammonia in like 
manner will burn in oxygen gas, and when mixed with atmospheric air 
may be decomposed by the electric spark—water at tle same time being 
formed and nitrogen set free. Thus, 

if with 1 of AmMmMonia= NH, 
we mix 3 of Oxygen = O; 


. 3 of water. lof nitrogen. 
we have the sum NH, 0, =3HO + N 

or, when diffused through the air, 1 of ammonia, with the aid of 3 of 
oxygen, will yield 3 of watery vapour, while the nitrogen may* mingle 
with the air in an elementary form. Can we doubt that ammonia 
is thus decomposed in the air! Not to speak of other forms assumed 
by the electricity of the atunosphere, can the thunder-storms of the tropi- 
cal regions pass unheeded the ammoniacal vapours they must meet 
with in their course ? 

I conclude, then, that of the ammonia which is formed from the nitro- 
gen actually existing in animal and vegetable substances during their 
decay, only a comparatively small portion ever returns again to minister 
to the waats of new races.f 

But if plants obtain all their nitrogen from. ammonia,t how is this 
waste repaired—whence are new supplies constantly derived ? 

We have seen that, in certain voicanic countries, carbonic acid is 
evolved in vast quantities from rents and fissures in the earth. In some 
of these districts—and this has been observed more especially in Italy 
and Sicily, and it is said also to some extent in China—ammonia is 
likewise given off; in combination generally with some acid, and most 
frequently with the muriatic acid in the form of sal-animoniac (muriate 
of ammonia). ** Tis ammonia,” Liebig is correct in saying, ‘has not 
been produced by the animal organism ;” but he assumes a very doubt- 
ful position when he adds, ‘‘it existed before the creation of human be- 
igs; itis a part, a primary constituent of the globe itself.”—[Organic 
Chemistry applied to Agriculture, p. 112.] 

Where, we might ask, has this ammonia existed during all past time 
—from what deep caverns of the earth does it now escape ? 


* I say may, because it may at the same time combine with oxygen and form nitric acid. 
—See the following section, p. 239. 


+1 might add, that of the ammonia which does return, and is again absorbed, a portion is 
subsequently decomposed in the interior of living plants, as is shown by the evolution of 
nitrogen from the common leaves of some and the flower leaves of others. 


}* Wild plants obtain more nitrogen from the atmosphere, in the form of ammonia, than they 
require for their growth, For the water which evaporates through their leaves and blossoms 
emits, after a time, a putrid smell—a peculiarity possessed only by such bodies as contain 
nitrogen.’’—[Liebig, Organic Chemistry applied to Agriculture, p. 85.) Does the fact here 
stated, justify the conclusion which appears to be drawn from it ? 


158 INDIRECT PRODUCTION OF AMMONIA. 


This opinion of Liebig, as well as the paremount influence he as- 
cribes to ammonia over the vegetation of the globe, are based chiefly on 
the fact that we know of no means by which ammonia can be formed 
by the direct union of the hydrogen and nitrogen of which it consists. 

But the production of ammonia, by the indirect union of these ele- 

_ments, is daily going on in nature, and can even be effected by differ- 
ent processes of art. 'Thus— 

1°. When organic substances, which contain no nitrogen, are oxidized 
in the air, ammonia is not unfrequently formed (Berzelius). Hence 
it must be produced in unknown quantity during the annual decay of 
all vegetable substances. : 

2°. When organic substances are oxidized in the presence of air and 
water—as when moist iron filings are exposed to the air (Chevallier), 
or when certain oxidized substances are decomposed in the air by 
means of potassium (Faraday), or when metals, such as tin filings, are 
rapidly oxidized by means of nitric acid, ammonia is also produced in 
variable quantity. Hence the absorption of oxygen, even by the inor- 
ganic substances of the soil, may give rise to the formation of ammonia. 
But, 

3°. The fact which most clearly illustrates the production of am- 
monia in nature, both on the surface of the earth, in the soil, and far in 
the interior near the seat of volcanic fires, is this, that if a currant of 
moist air be made to pass over red-hot charcoal, carbonic acid and am- 
monia are simultaneously formed.* This is in reality only a repetition 
in another form of what takes place, as above stated, when vegetable 
matter decays, or iron filings rust in moist air. ‘The carbon and the iron 
decompose the watery vapour in the air, and combine with its oxygen, 
while, at the instant of its liberation, the hydrogen of the water com- 
bines with the nitrogen of the air, and forms ammonia. 

The source of the ammonia evolved in volcanic districts, therefore, is 
no longer obscure. The existence of combustible matter in such dis- 
tricts, and at great depths beneath the surface, can in few cases be 
doubted, and the passage of a mixed atmosphere of common air and 
steam over such combustible matter, at a high temperature, appears to 
be alone necessary to the production of ammonia. It is unnecessary, 
then, to have recourse to doubtful speculations in order to account for 
the natural reproduction of anjymonia, to a certain extent, in the place 

A 


* This experiment is easily performed by drawing a current of mixed atmospheric air 
and steam through a red-hot gun-barrel filled with well-burned charcoal, and causing the 
current, on leaving the barrel, to pass through water acidulated with muriatic acid. After 
a time, the water, on evaporation, will be found to contain traces of sal-ammoniac. What 
thus takes place in asmall experiment of this kind] must more readily and more largely 
take place in the interior of the earth, where combustible substances at a high temperature 
happen to be exposed to a current of atmospheric air, mixed with watery vapour. 


+ A beautiful illustration of the tendency which elementary substances have to unite with 
each other at the imstant of their liberation in what chemists call their nascent state, is men- 
tioned by Runge.—Linleitung in die technische Chemie, p. 373. 

If 1 part of hydrate of potash and 20 of iron filings be heated together, hydrogen only is 

woven off. 

a Irl ne of potash and 20of iron filings be heated together, nitrogen only is given off. 

But if 40 of iron filings be mixed with 1 of hydrate and 1 of nitrate of potash, and then 
heated, ammonia becomes perceptible. 

The nitrogen and hydrogen being given off together, at the same instant, some portions 
of each find themselves In a condition to unite, and thus ammonia is produced. The same 
result must follow in many natural operations, when hydrogen and nitrogen are set free 
from a previous state of combination, at the same time, and in the presence of one another. 
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of that which is constantly undergoing decomposition by the agency of 
causes such as those above described. 

But is the indefinite quantity of ammonia reproduced by these indi- 
rect methods sufficient to replace all that is lost?) Can it be supposed 
to impart to plants all the nitrogen they require? These questions will 
be considered in the following section. 


§5. Of the supply of nitric acid to plants. 

In regard to the action of nitric acid upon vegetation it is knowno— 

1°. That when, in the form of nitrates of soda, potash, &c., it is 
spread upon the soil, it greatly promotes the growth and luxuriance of 
the crop and increases its produce ; and 

2°. ‘That, when other circumstancs are favourable to vegetation—as 
in certain districts in India—the presence of an appreciable quantity of 
these nitrates adds largely to the fertility of the soil.* 

The same efiects are unquestionably produced by the addition of am- 
monia or by its natural presence in the soil. The beneficial influence 
of both compounds, then, being recognized, the relative extent to which 
each operates upon the general vegetation of the globe will be main- 
ly determined by the circumstances and the quantity in which they res- 
pectively exist or are reproduced. 5 

In regard to the existence of nitric acid. it is not known to form a 
necessary constituent of any of the solid rocks of which the crust of the 
globe is composed, but is diffused almost universally through the soil 
which overspreads the surface. In the hotter regions of the earth, in 
India, in Africa, and in South America (p. 56), it in many places accu- 
mulates in sufficient quantity to form incrustations of considerable thick- 
hess over very large areas, and in many more it can be separated by 
washing the svil. Even in the climates of Northern Europe, it is rare- 
ly absent from the water of artificial wells, into which the rains, after 
filtering through the surface, are permitted to make their way.t 

On the whole, nitric acid and its compounds appear to ezist, ready 
formed in nature, in larger quantity than either ammonia or any of its 
compounds. 


* For the following, and other interesting notices, regarding Indian agriculture, I am in- 
debted to Mr Fleming, cf Barochan, in Renfrewshire, whose long residence in the districts 
to which he alludes, as well as the interest he takes in practical agriculture, renders his tes- 
timony very valuable : 

“The districts of Chaprah, Tirhoot, and Shahabad, near Patna, where a large proportion 
of the salipetre sent from Bengal is produced, are considered the most fertile in Bengal, 
producing 2 and sometimes 3 crops yearly. The natives of these districts, particularly a 
caste called Quirees (hereditary gardeners), who cultivate the best land, and produce the 
best crops, are in the habit of irrigating their fields with water from wells so strongly im- 
pregnated with saltpetre and other salts asto be quite brackish, and they consider onions, 
turnips, and peas, most benefitted by this irrigation. Grain crops also grow most luxuriant- 
ly on lands yielding saltpetre, where there is enough of rain within a week or two after the 
seed is sown, butif adrought follows the sowing, and continues for 3 weeks or a month, the 
leaf becomes yellow, and the crop fails. “ 

*The Hindoos do not generally manure their Iands, as the dung of the cattle is used for 
fuel, but the Quirees collect the ashes of cow dung and of burned wood, and use it as a ma- 
nure in some cases, chiefly for the poppy plant. 

“The Hinduos have for ages been well acquainted with the rotation of crops,and the ad- 
vantages of fallowing land, although a great proportion of the land is almost constantly in 
rice, Indian corn, or millet, during the rainy season, and in wheat or peas during the dry 
season.” 


t It occurs in the wells of the neighbourhood of Berlin (Mitscherlich), in the form of ni- 
trates of potash, lime, and magnesia, in the wells around Stockholm, and may be expected 
in all wells that are dug (Berzelius).—Traité de Chemie, iv., p. 71. 
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Of these nitrates, as they do of ammonia, the rivers must be continu- 
ally bearing a portion to the sea, but there are in nature unceasing pro- 
cesses of reproduction, by which not only this waste of the nitrates is 
repaired, but that further waste, also, which is caused by their absorp- 
tion into the roots and subsequent decomposition in the interior of plants. 
Let us shortly consider these processes of reproduction. 

1°. When a succession of electric sparks is passed through common 
air, nitric acid (NO;) is slowly but sensibly formed. The currents of 
electricity which in nature traverse the atmosphere must produce the 
same effect, and the passage of each flash of lightning through the air 
must be attended by the formation of some portion of this acid. 

After a thunder-storm plants appear wonderfully refreshed; in thun- 
dery weather they grow most luxuriantly, aud other things being equal, 


those seasons in which there is much thunder are observed to be the - 


most fruitful. Some have ascribed these results to the immediate agency 


of electricity on the growth of plants.—[Sprengel, Chemze, I., p. 99.) 


It is not equally possible that they may be connected with this necessary 
production of nitric acid ? 

In the rain which fell during 17 thunder-storms, Liebig found nitric 
acid always present and generally in combination with lime and am- 
monia. In the rain which fell on 60 other occasions, he could detect it 
only twice. In minute quantity nitric acid is difficult to detect. How 
much then must be formed in a thunder-storm, even in our climate, to 
make the presence of this acid always appreciable in the rain that falls 
—how vast a quantity in those warmer climates where such storms are 
so frequent and so appalling ! 

2°, When a mixture of ammonia with oxygen gas is exploded by 
passing an electric spark through it, a quantity of nitric acid is formed, 
even when the oxygen is not sufficient to oxidize the whole of the am- 
monia* (Bischof). Hence, if in the air, as we have seen reason to be- 
lieve, the ammonia given off from decaying animal matters, and from 
other sources, be decomposed by the atmospheric electricity,—there will 
necessarily be formed at the same instant a portion of nitric acid, at the 
expense of the nitrogen of the ammonia itself. This nitric acid will, as 


necessarily, combine with some of the ammonia which still remains in. 


the air. Hence the existence and production of nitrate of ammonia in 
the atmosphere, and the consequent presence of this acid along with am- 
monia in rain water. 

Thus the very cause which in the preceding section was shown to 
operate in constantly diminishing the amount of ammonia in the air, 
and the operation of which certainly renders improbable the existence 
of this compound in the atmosphere in the large quantity supposed by 
some [see especially Liebig’s Organic Chemistry applied to Agriculture, 
p- 74], this same cause is at the same moment constantly reproducing 
nitric acid. And, though much of what is thus produced must neces- 
sarily, as in the case of ammonia, be carried down to the sea by the 
rains, or be directly absorbed by the waters of the ocean themselves, yet 

* Tt was shown above (p. 157), that | of ammonia ( NH3 ) requires 3 of oxygen to decom- 
pose it, forming 3 of water, and setting the nitrogen free. But, in reality, as Bischof has 
shown, the nitrogen is not wholly set free, bat a portion both of its hydrogen and nitrogen 


combine with oxygen (are oxidized) at the same instant, forming simultaneously both water 
(HO), and nitric acid ( NOs ). 
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it is obvious that in whatever proportion we -may suppose the ammonia 
of the air to reach the leaves and roots of plants, in no less proportion 
must the nitric acid, with which it is associated, be enabled to enter into 
the circulating system of the various tribes of living vegetables, that 
flourish on every quarter of the globe. 

3°. Again, we have seen that, during the decay of vegetable substan- 
ces in moist air, ammonia is formed at the expense of the hydrogen of 
the water and of the nitrogen of the air. In consequence of, or in con- 
nection with, such decay, nitric acid is also largely produced in nature. 

The most familiar, as well as the most instructive examples of this 
formation of nitric acid is in the artificial nitre beds of France and the 
north of Europe. These are formed by mixing earth of different kinds 
with stable manure or other animal and vegetable matters, and exposing 
the mixture to the air in long ridges or conical heaps, which are occa- 
sionally watered with liquid manure, and turned over, to expose fresh 
portions to the air. After a time, perhaps once a year, the whole is 
washed, when the water which comes off is found to contain a variable 
quantity of the nitrates of potash, soda, lime, and magnesia, which are 
employed for the manufacture of saltpetre. In these nitre beds it has 
been observed that the production of nitric acid either does not take plaec 
at all, or only with extreme slowness, uniess animal and vegetable mat- 
ter be present in considerable proportion. And yetthe quantity of nitric 
acid which is formed is much greater than could be produced by the 
oxidation of the whole of the nitrogen contained in the organic matters 
present in the mixture.* It is also observed that the nitre beds are more 
productive when a portion from one outer face of the heap is lixiviated 
from time to time, and the washed earth added to the other side, than 
when the whole is lixiviated at once, and again formed into a heap and 
exposed to the air. 

{t appears, therefore, that organic matters are in our climate necessa- 
ry to cause the formation of nitric acid to commence, but that after it has 
hegun it will proceed in the same heap for an indefinite period, and at 
the expense apparently of the nitrogen of the air only. 

Compost heaps are in general only artificial nitre beds, often unskil- 
fully prepared and badly managed, producing, however, a certain quan- 
tity of nitrates, to the presence of which their effect on vegetation may 
not unfrequently be ascribed. To this fact we shall hereafter recur. 

The soils in the plains of India, and in other similar spots in the trop- 
ical regions, may be regarded as natural nitre beds, in which, the decay 
of organie matter being vastly more rapid than in our temperate regions, 
the production of nitric acid is rapid in proportion.+ 

4°, But in many localities in which the presence of organic matter is 


* Dumas, 7'raité de Chemie, Il., p. 725. He adds, that 100 lbs. of nitre contain the nitrogen 
of 75 Ibs. of ordinary animal matter, supposed in a dry state, or of 300 or 400 Ibs. in its ordi- 
nary state of moisture,—a much greater relative proportion of animal matter than is ever 
added to the heap. 


t We are as yet too little acquainted with the natural history of the district of Arica in 
South America, in which, as already stated (p. 56), the nitrate of soda has been accumulateu 
in such large quantity, to be able to say to what special cause the accumulation is due. But 
as, from the description of Mr. Darwin, the locality appears to have been the site of an an- 
cient lake, it is not unlikely that the nitrate may have been derived from the successive 
washings of a soil similar to that of India, by rains or periodical floods, which for a long pe- 
riod emptied themselves into or fed the lake. 
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not to be recognized in sensible quantity, the production of this acid is 
observed to proceed with a constant and steady pace. Thus, from the 
walls of certain caves in Ceylon a layer is yearly pared off, which 
yields an abundant crop of saltpetre (Dr. John Davy). The celebrated 
Mammoth cave in Kentucky, situated in a limestone ridge, yields an 
inexhaustible supply of nitrate of lime. During the war with Great 
Britain, fifty men were constantly employed in Jixiviating the earth,of 
this cave, and in about three years the washed earth is said to become 
as strongly impregnated as at first. Through the cave a strong current 
of air is continually rushing—inwards in winter, and outwards during 
the sumnier months. On the plaster of old walls, especially in damp 
situations, an efflorescence of this and other nitrates is frequently ob- 
served over every part of Europe. In China, according to Davis, the 
old plaster of the houses is so much esteemed as a manure, that parties 
will often purchase it at the expense of a coating of new plaster. Old 
clay walls, and especially the walls of clay-built huts, are said to be 
very fertilizing to the land, when applied as a top-dressing, and in some 
parts of England, where the land is poor, the people are said to pile up 
the soil in the form of walls, in order to improve its quality. These lat- 
ter facts seem to indicate that both in China and England nitric acid is 
produced in similar circumstances, and that to its production the ferti- 
lizing action of the old plaster, and of the weathered clay, is alike to be 
attributed. 

In the cultivated soil also, this acid is formed if ordinary cireum- 
stances. Braconnot found nitrate of potash in the botanic garden at 
Nancy, in a portion of soil in which poppies (papaver somniferum) had 
grown luxuriantly for ten years in succession—in larger quantity in the 
soil surrounding the interlaced roots of an esclepias incarnata, growing 
in an ordinary flower-pot, with a hole in the bottom—as well as in moss 
earth, in which a plant of euphorbia breoni had been grown in a pot.— 
[Ann. de Chim. et de Phys., \xxii., p. 3310 35.] There is little reason 
to doubt, indeed, that nitrates are to be found, in greater or less quanuty, 
in all cultivated soils. ‘ 

I shall not enter into a detailed inquiry how this nitric acid is formed. 
It is probable that as in the atmosphere ammonia may be decomposed 
and give rise to the formation of nitric acid, so in the soil this acid may 
result from a similar decomposition, proceeding more slowly, but accord- 
ing to the same natural laws. In warm climates, indeed, it appears 
certain that the ammonia which is evolved or formed during the. decay 
of animal and vegetable substances, does speedily, and to a great extent, 
undergo oxidation,* and thus give rise to the greater abundance of nitric 
acid with which the tropical soils abound. 

Thus, in the economy of nature, much ammonia is decomposed in the 
soil also, and hence another cause for the constant diminution of the 
quantity of this compound in addition to those already detailed in the 
preceding section. , 

But, besides the portion of this nitric acid, which owes its existence to 


* For the perfect oxidation of 1 of ammonia, no less than 8 of oxygen are required. Thus 
1 of 1 of 3 of 
Ammonia. Nitric Acid. Water. 
NH3 +80 =NQOs + 3HO., 
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the decomposition of ammonia, much, by far the greatest proportion in 
all probability, derives its origin from the union of the elements of the 
atmosphere itself. This direct union is effected in the air, as has been 
already shown, by the agency of atmospheric electricity; but it also 
takes place in the soi/ during the oxidation of the other elements con- 
tained in the organic matters which are there undergoing decay. The 
combination of the elements of ammonia in such circumstances proceeds 
on the principle that bodies, themselves undergoing oxidation, dispose 
other substances in contact with them (in this instance the nitrogen of 
the air) to unite with oxygen also. The presence of lime, potash, &c. 
in the soil, further induces to this oxidation by the tendency of these sub- 
stances to combine with the acid which is formed by this union of the 
elements of which nitric acid consists.—It is impossible precisely to es- 
timate the quantity of nitric acid produced in these various ways, through 
these various agents, an] in these varied circumstances, or to balance it 
accurately against the amount of ammonia continually reproduced, as 
we have seen, in nature, wherever the necessary conditions present 
themselves. But, as [ formerly concluded, that the amount of nitric 
acid actually existing in the superficial deposits of our globe is greater 
than that of ammonia, so I think that, in regard to the reproduction also 
of these two compounds, the balance is in favour of the former. 

Since, then, nitric acid is fitted, by the solubility of its compounds, to 
enter into the circulation of plants in any quantity—since, when applied 
to them, it does undoubtedly promote, in a remarkable degree, the growt 
of plants—and since, in nature, it is continually reproduced in every 
country, and under such varied cireumstances—I cannot withhold my- 
self from the conclusion, that, over the general vegetation of the globe, 
it holds with ammonia at least an equal sway, and is appointed to exer- 
cise at least an equal influence over the growth of plants, both in their 
natural and in their cultivated state. 

Still the influence of each is not unvaried by locality or by climate. 
The extent of dominion exercised by the nitrates probably diminishes as 
we recede from the equator, while that of ammonia increases,—it may 
be in an equal proportion. The reason of chis probable variation will 
appear in the following section. 


§ 6. Theory of the action of nitric acid and ammonia. 

These two compounds act so far in common as to yield a supply of 
nitrogen to the plants into which they enter. They do so, however, un- 
der conditions which may be considerably different, and may be attend- 
ed by unlike chemical changes. 


1.—THEORY OF THE ACTION OF NITRIC ACID. 


1°. The nitric acid of the nitrates entering into the circulation of the 
roots will ascend to the leaf, and will there be decomposed in the same 
way as the carbonic and other similar acids are, by the action of the 
sun’s rays. It is only in the light of day that carbonic acid is decom- 
posed in the green parts of plants—so must it be, generally, with the 
nitric acid which ascends to the leaf. Its oxygen will be given off, 
while its nitrogen may be retained in the circulating system of the plant. 
The extent to which this decomposition will take place at each passage 


8 
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of the sap through the leaf will depend, in some degree, on the nature 
of the base (whether potash, soda, or lime,) with which the acid is in 
combination, but much more on the intensity of the light to which the 
green parts of the plant are exposed, and on the temperature of the air in 
which the plant happens to grow. 

2°. It is still uncertain whether this acid is capable of being decom- 
posed in the roots or stems of plants where it is excluded from the light, 
though it is very probable that it may be so, especially in cases where 
the juices naturally contain substauces in which hydrogen is present in 
excess, or where such compounds make their way into the circulation 
of plants from the manure that may be applied to their roots. 

Thus in the pines, in which turpentine (C4) H 3.) naturally abounds, 
such a decomposition may the more readily occur, inasmuch as it would 
not necessarily imply the production and evolution of any gaseous sub- 
stance. Thus 

1 of Orn or TuRPENTINE, = Cyy Hoe with the oxygen of 
1 of Nitric Acip(NO;) = O; gives 


ga) ed tS Na soled Settee Cha SN 3 iba’! Ge 

By uniting with the oxygen of the nitric acid, therefore, oil of turpen- 
iine, in such trees, might be changed into resin during its passage 
through the stem, while the nitrogen, being set free, might, at the mo- 
ment of its liberation, unite with other elements to form those parts or 
productions of the tree into which this element enters as a necessary 
constituent. 

The above must be considered merely as an illustration of the kind of 
changes which may possibly take place in the interior of certain plants, 
and in the absence of light, when the nitrates happen to be present. 

ere I to affirm that such changes actually do occur in the presence 
of nitric acid, the theoretical chemist would have a right to expect that 
several collateral questions should be discussed, the consideration of 
which would here be out of place. 

3°. The nitrates may also act in another way, which does not involve 
the necessity of the total decomposition of the acid they contain. We 
know that in nature many substances are capable of inducing chemical 
changes in other compound bodies, without themselves undergoing de- 
composition. Some beautiful illustrations of this have already been 
given in a previous lecture, when treating of the action of sulphuric acid 
upon starch and woody fibre, [Lecture VI.. pp.113, 114.] But the fact 
which most immediately bears on the influence of the nitric acid in the 
living plant, is that mentioned in p. 126,—that by solution in this acid 
in the cold, starch is converted into a substance having the com position 
of woody fibre. In the interior of the plant changes of this kind may 
be produced by simple contact only, with the nitric acid, so that, with- 
out being decomposed, it may be materially serviceable in promoting 
those molecular changes which are necessary to the healthy and rapid 
growth of the plant. 


Il.—-THEORY OF THE ACTION OF AMMONIA. 


1°. Ammonia is capable of contributing to the growth of the plant, 
by means of the hydrogen, as well as of the nitrogen it contains. We 
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have seen [notes to pages 136 and 138,] that, according to the results 
of the best experiments, the whole of the oxygen of the carbonic acid 
absorbed, is not given off by the leaves of all plants even in the sun- 
shine,—while in the dark this gas is largely and directly imbibed from 
the air. If in the sap of a plant there be present at the same time a 
quantity of ammonia, the hydrogen of this ammonia may unite directly 
with the oxygen of the carbonic acid, forming water and a proportionate 
quantity of one or ether of the several compounds (p. 112), which may 
be represented by carbon and water. Thus 


3 of Cargonic Acip, = C, O, and the hydrogen of 


2 of Ammonia (NH) = H, ; 
—_—_——— ofGrape 3 of 
Sugar. Water. 


BIVE ney, ) Ven %-Cg dde, Og. =,Cy, He, On +, 3HO 

so that where ammonia is present, and circumstances are favourable, 
sugar or starch may be formed in variable quantity, without the neces- 
sary evolution of oxygen gas. This change will take place in the inte- 
rior of the leaf. And, if the direet decomposition of carbonic acid, and 
the evolution of its oxygen by the agency of the sun, take place at the 
same time—with a rapidity proportioned to the intensity of the light,— 
this simultaneous production of sugar, &c., from the presence of ammo- 
nia, must aid the increase and growth of the plant; and may be one 
main cause of the fertilizing action of this compound, which has been so 
long and so generally recognized. na sae 

When the hydrogen of the ammonia is thus worked up, the quantity 
of oxygen which escapes from the leaf must be less in proportion; and 
hence another cause (p. 138) for those discrepancies which have been 
observed in regard to the bulk of oxygen given off, compared with that 
of the carbonic acid taken in, by the leaves of different plants. 

But at the same time the nitrogen is set free. This nitrogen will 
either be again compounded in the plant with other elements, or, if not 
required for its healthy growth—that is, if more largely present than is 
required by the plant—it will be directly emitted by the leaves, or sent 
downwards and permitted to escape by the root. Hence the reason 
why pure nitregen is evolved from the leaves of some plants (p. 95), 
and why ammonia exercises a beneficial action upon vegetation, in 
cases where all the nitregen it contains is neither retained nor required 
by the plant. 

Does this decomposition necessarily require the agency of light? 
May it not take place im the absence of the sun? 

I will mention one or two facts which seem to throw light upon this 
point. 

1°. Plants grow in the dark. Though feebhe and blanched, they in- 
crease largely in bulk; they must, therefore, have the power of assimi- 
lating their food to a certain extent, independent of the sun’s rays. 

2°, Several species of Poa, Plantago, Trifolium arvense, Cheiran- 
thus, &c., become green in the perpetual darkness of mines (Hum- 
boldt). 

3°. When a little hydrogen is mixed with the air, plants become 
greenish, even in the dark (Sennebier) ; and when exposed to the sun, 
the green becomes unusually intense in such a mixture (Ingenhouss). 
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The immediate and visible effect of an application of ammonia, or of 
soot, or of any top-dressing containing ammonia, is to render the green 
colour much more intense, and in the darkest weather. It is therefore 
probable, I think, that the hydrogen of the ammonia contributes to this 
immediate effect, and that the ammonia itself may be decomposed and 
its elements appropriated to the nourishment of the living vegetable, 
either by the unaided vital powers of the plant, or in the presence of a 
feeble light only. Like water, ammonia is peculiarly liable to decom- 
position, not always of that perfect kind which, for the sake of simplicity, 
I have endeavoured to explain in the present lecture, yet such as to ren- 
der the-elements of which it consists available to the general nourish- 
ment of the plant. 


‘8 7. Comparative influence of nitric acid and of ammonia in different 
elimaies. 


It follows, from what is above stated, that the beneficial influence of 
ammonia upon vegetation will be readily pereeived in all climates in 
which plants are found to flourish. Its effects will be greater and more 
rapid where the heat and light are more intense,—only because by these 
agents the functions of all life are stimulated. 

Not so with the nitric acid in the nitrates. In the presence of organic 
compounds, that is, in the sap of the plant, it is less easily decomposed 
than ammonia. It requires the interference of more powerful agents— 
of a higher temperature, or of more brilliant light,—and thus its efficacy 
upon vegetation will be more dependent upon season and climate. 

Now, we have seen that in tropical countries the nitrates are produced 
in the greatest abundance, and there the high temperature and the bril- 
liant sun should render them most useful to vegetation. Such is well 
known to be the case, and it may be regarded as one of those bountiful 
adaptations with which all nature is full—that in these warmer regions, 
the ammonia produced in the soil is first converted into nitric acid, that 
it may remazn fixed, and that this acid again is decomposed by the same 
agents (light and heat), when it enters the living plant, and is required 
to minister to its growth. On the other hand, it may no less be regardet 
as a wise provision, that in colder and more uncertain climates, where 
warm and brilliant summers are less to be depended upon, that com- 
pound of nitrogen (ammonia) should more abound, which is most easily 
decomposed in the living plant, which is fitted in comparative darkness 
to yield up its nitrogen, and by the hydrogen it contains, to compensate 
in some slight degree for the partial absence of the sun’s rays. 

From these views, therefore, we should draw this further practical 
conclusion—that in our climate, ammonia is sure to promote vegetation, 
and in every season, while the nitrates will produce their maximum effect, 
othe: things being equal, in such only as have abundant warmth and 
sunshine. Is this conclusion consistent with observation? Will it 
serve to explain any of the apparent failures which have occasionally 
been experienced in the employment of the nitrates? 


§ 8. Stimulating influence of these compounds. 


There remains one other point in regard to the effect of these two 
compounds upon vegetation, to which I would request your attention. 
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We have seen that the quantity of nitrogen contained in a crop raised 
by the aid.of farm-yard manure, is very much greater than that which 
exists in the manure itself, and the views just exposed serve to indicate 
the sources from which the excess is derived. But suppose that upon 
two patches of ground, of equal quality, the one of which is manured 
and the other not, equal quantities of the same seed be sown, it is 
consistent with experience—that the crop reaped from the manured 
portion will not only contain more nitrogen than that reaped from the 
unmanured portion, but so much more as shall considerably exceed that | 
contained in the manure itself. Thus suppose the crop raised from the 
upmanured land to contain 100 lbs. of nitrogen, and that the manure laid 
on the other portion contained 100 lbs. also, the crop which is reaped 
from this latter portion, in favourable seasons, will exceed, and probably 
very far exceed, 200 lbs. Hence the effect of the ammonia, &c., in the 
farm-yard manure, is not merely to yield its own nitrogen to the plant, 
but to enable it, in some way hitherto unexplained, to draw from other 
sources a larger portion of the same element than it would otherwise do. 

So also with the nitrates. If two equal portions of the same grass or 
eorn-field, in early spring, be measured off, and one of them be top- 
dressed with nitrate of soda or with saltpetre, the weight of nitrogen con- 
tained in the crop of hay or corn reaped from the latter, will generally 
be found to exceed that contained in the crop from the former, by a 
quantity much greater than that which was present in the nitrate with 
which the land was dressed.* In addition, therefore, to the nitrogen di- 


* The following calculations illustrate the statement in the text:—Mr. Gray, of Dilston, 
{see Journal of Royal English Agricultural Society,] applied nitrate of soda to grass land in 
the proportion of 112 lbs. to the acre. 

The produce without nitrate amounted to 2 tons 81 stones 
with 112 lbs. of nitrate to 3 tons [46 stones 


Increase, lton 65stenes, or 3150 Ibs. 
And 3150 ~ 112 = 284; lbs. the increase of hay from each pound of nitrate of soda. But al- 
lowing this hay to contain only one per cent. of nitrogen, 28 Ibs. will contain 434 ounces of ni- 
trogen, which is nearly double the quantity actually present in the nitrate employed. 
Again, in the case of a crop of grain—Mr, Hyett applied nitrate of soda to a field of wheat, 
and compared the produce with that from an equal portien to which no top-dressing was 
applied. 


CORN. STRAW. 
Bush. pks. pts. Cwt. qrs. lbs. 

WNitrated 2... serene: 2h ee 3 2 3 
Without nitrate . . 33 2 6 23 1 21 
Excess, LHVTHG 5 8 0 10 


Calculating the bushel of corn at 60 Ibs., the excess of corn amounted to 600 lbs., containing 
246 per cent. or 147 lbs. of gluten and albumen. The nifrogen in these substances, when 
properly dried, is from 15 to 17 per cent. If we suppose the gluten not to have been quite 
dry, and allow only 14 per cent. of nitrogen, 147 lbs. would contain 20%¢ Ibs. of this element. 
But the nitrated corn contained 5 per cent. more gluten and albumen than the un-nitrated, 
which in 33 bushels (2000 Ibs.) gives 100 Ibs. of gluten in excess, containing 14 lbs. of nitrogen. 
And Biewe of straw (900 Ibs.) contained one-third of a per cent. of nitrogen, [Boussingault,] 
orina bs. 
Therefore the quantity of nitrogen present in the nitrated crop above that in the un-nitrated 
was as follows: 
1°. In 600 lbs of wheat at 2414 per cent. of gluten . - « . « 203 lbs. Nitrogen. 
2°. In 2000 Ibs. of wheat at 5 percent. of gluten contained in excess, 14 lbs. do. 
3°. In 900 lbs. of straw at one-third per cent. We RIV 40.0) SrPlbsi dot 


Totalnitrogens))) i aise silliness anieilbs. 
But the nitrogen in 1 cwt. of dry nitrate of soda, as already stated, is only 19 Ibs. or little 
{' Dry nitrate of soda contains about 164 per cent. of nitrogen, being 19 lbs. to the ewt., 
or two and three-fifth ounces to the pound; but as it is usually applied, it contains from 5 to 
10 per cent. of water. The nitrogen, therefore, may be estimated at 214 ounces in the pound.) 
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rectly conveyed to the plant by these nitrates, they also exercise some 
other influence, by which they enable the living vegetable to draw from 
natural sources a much larger supply than they would otherwise be 
capable of doing. What is this influence, and how is it explained ? 

This I suppose to be that kind of influence to which writers on agri- 
culture are in the habit of alluding, when they speak of certain substan- 
ces stimulating plants, or acting as stimulants to their growth, though the 
term itself conveys to the mind no distinet idea of the mode of operation 
intended to be indicated—of the way in which the effeet is produced. 

In the present case, this special action of ammonia and the nitrates, 
and perhaps also of immediate applications of manure in general, ap- 
pears to arise from their affording to the plant, in its early youth, a copi- 
ous supply of nitrogenous food, by which it is enabled at onee to shoot 
out in a more healthy and vigorous manner. It thrusts forth roots in 
greater numbers, and to greater distances, and is thus enabled to extract 
nourishment from a greater extent and depth of soil than is ever reached 
by the sickly plant—it expands larger and more numerous leaves, and 
thus ean extract from the air more of every thing it contains which is 
fitted to supply the wants of the living vegetable; as the stout and 
healthy savage cam hunt and fish to support many lives, while the feeble 
or sickly can scarcely secure sustenance for himself alone. Feed a wild 
animal well the first few months of its life, and you may set it loose to 
prey for itself; starve it in its infancy, and its growth and strength will 
be stunted, and it may lead a wretched and hungry life. 

Even in soils, then, and situations, which are capable of yielding to 
the plant every thing it may require for its ordinary growth, it is an im- 
portant objeet of the art of husbandry to discover what substances are 
especially necessary or grateful to particular crops, and to apply these 
directly, and in abundance, to the new-born plant,—in order that it may 
acquire sufficient strength to be able to avail itselfin the greatest degree 
of the stores of food whieh lie within its reach. 


Concluding observations regarding the organic constituents of plants. 


We have now considered the most important of those qnestions eon- 
nected with the organie elements of plants, which are directly interesting 
to the practieal agriculturist. We have seen— 

1°. That all vegetable productions consist of two parts—one the or- 
ganic part, whicls is eapable of being burned away in the air—the other, 
the inorganic part, which remains behind in the form of ash. 

2°. That this organic part consists of carbon, hydrogen, oxygen, and 
nitrogen only. 

3°. That plants derive the greater part of their carbon from carbonic 
acid, of their hydrogen and oxygen from water, and of their nitrogen 
from ammonia and nitric acid. 

4°, That by far the largest portion of those substances which form 
the principal mass of plants, such as starch and woody fibre, consists of 
carbon united to oxygen and hydrogen in the proportions in whieh they 


more than half the quantity, which in consequence of the presence and action of the nitrate 
the wheat was enabled to obtain and appropriate above the quantity appropriated by the 
wheat in the un-nitrated part of the field. 

It requires no further proof, therefore, to show that the nitrate of soda and the nitrates must 
act in some other way in reference to vegetation, than by simply supplying a portion of nitrogen. 
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cxist in water,—or, in other words, may be represented by carbon and 
water 1n various proportions. 

5°. That the food on which they live enters by the roots and leaves 
of plants,—that the leaves, under the influence of the sun, decompose 
the carbonic acid, give off its oxygen, and retain its carbon,—and that 
this carbon, uniting with the elements of water in the sap, forms those 
several compounds of which plants chiefly consist. 

6°. That the supply of carbonic acid in the atmosphere is kept up 
partly by the respiration of animals, partly by the natural decay of dead 
vegetable matter, and partly by combustion. That ammonia is sup- 
plied to plants chiefly by the natural decay of animal.and vegetable 
substances—and nitric acid partly by the natural oxidation of dead or- 
ganic matter, and partly by the direct union of oxygen and nitrogen, 
through the agency of the atmospheric electricity. 

7°. That while both of these compounds yield nitrogen to plants, they 
each exhibit a special action on vegetable life, in virtue of the hydrogen 
and oxygen they respectively contain—and exercise also a so-called 
stimulating power, by which plants are induced or enabled to appro- 
priate to themselves, from other natural sources, a larger portion of 
all their constituent elements than they could otherwise obtain or 
assimilate. 

In illustrating these several points, it has been necessary to enter oc- 
casionally into details which, to those who have heard or may read only 
the later lectures, may not be altogether intelligible. I am not aware, 
however, of having introduced any thing of which the full sense will 
not appear on a reference to the statement by which it is preceded. 

We are now to consider the znorganic constituents of plants,—their na- 
ture,—the source (the soil) from which they are derived,—their uses in 
the vegetable and animal economy,—how the supply of these substan- 
ces is kept up in nature,—and how, in practical husbandry, the want of 
them may be at once efficaciously and economically supplied by art. 
This division of our subject, though requiring a previous knowledge of the 
principles discussed in the foregoing lectures, will be more essentially 
of a practical nature, and will lead us to consider and illustrate the 
great leading principle by which the practical agriculturist ought to be 
guided in the cultivation and improvement of his land. 

We shall here also find much light thrown upon. our path by the 
results of geological inquiry ; and it is in the considerations I am now 
about to bring before you, that I shall have to direct your attention most 
especially to the principal applications of Geology to Agriculture. 
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LECTURE Ix. 


{norganic constituents of vegetable substances.—Relative proportions of organic and inor- 
ganic matter in plants.—Unlike proportions in unlike species.—Kind of inorganic matter ' 
which exists in different species.—Nature and properties of the several inorganic elemen 
tary bodies found in plants. 


Tue consideration of the 2norganic constituents of plants is no less 
important to the art of culture than the study of their organic elements, 
which has engaged our sole attention in the preceding part of these lec- 
tures. 

It has already been shown that. when vegetable substances are heated 
to redness in the air, the whole of the so-called organic elements—car 
bon, hydrogen, oxygen, and nitrogen—are burned away and disappear ; 
while there remains behind a fixed portion, commonly called the ash, 
which does not burn, and which in most cases undergoes no diminution 
when exposed to a red heat. This ash constitutes the inorganic portion 
of plants. 

The organic or combustible part of plants constitutes, in general, 
from 88 to 99 per cent. of their whole weight, even after they are dried. 
Hence the quantity of ash left by vegetable substances in the green 
state is often exceedingly small. It therefore long appeared to many, 
that the inorganic matter could be of no essential or vital consequence 
to the plant—that being, without doubt, derived from the soil, it was 
only accidentally present,—and that it might or might not be contained 
in the juices and solid parts of the living vegetable, without materially 
affecting either its growth or its luxuriance. 

Were this the case, however, the quantity and quality of the ash left by 
the same plant should vary with the soil in which it grew. If one soil 
contained much lime, another much magnesia, and a third much potash, 
whatever plant was grown upon these several soils should also contain 
in greatest abundance the lime, the magnesia, or the potash, which 
abounded in each locality—and the nature, at least, of the ash, if not 
its proportion, should be nearly the same in every kind of plant which 
is grown upon the same soil. 

Careful and repeated experiments, however, have shown— 

1°. That on whatever soil a plant is grown, if it shoots up in a 
healthy manner and fairly ripens its seed, the quantity and quality of 
the ash is nearly the same; and 

2°. That though grown on the same soil, the quantity and quality of 
the ash left by no two species of plants is the same—and that the ash 
differs the more widely in these respects, the more remote the natural 
affinities of the several plants from which it may have been derived. 

Hence there is no longer any doubt that the inorganic constituents 
contained in the ash are really essential parts of the substance of plants, 
—that they cannot live a healthy life or perfect all their parts without 
them,—and that it is as much the duty of the husbandman to supply 
these inorganic substances when they are wanting in the soil, as it has 
always been considered his peculiar care to place within the reach of 
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the growing plant those decaying vegetable matters which are most 
likely to supply it with organic food. 

For the full establishment of this fact, we are indebted to Sprengel. 
Others, as De Saussure, have published many important and very use- 
ful analyses of the inorganic matters left by plants, but for the illustra- 
tion of the important practical bearing of this knowledge of their inor- 
ganic constituents on the ordinary processes of agriculture, we are, I 
believe, in a great measure indebted to the writings and numerous ana- 
lytical researches of Sprengel. 

It is difficult to conceive the extent to which the admission of the es- 
sential nature and constant quality of the inorganic matter contained in 
plants, must necessarily modify our notions and regulate our practice in 
every branch of agriculture. It establishes a clear relation between the 
kind and quality of the crop, and the nature and chemical composition 
of the soil in which it grows—it demonstrates what soils ought to con- 
tain, and, therefore, how they are to be improved—it explains the effect 
of some manures in permanently fertilizing, and of some crops in per- 
manently impoverishing the soil—it illustrates the action of mineral 
substances upon the plant, and shows how it may be, and really is, in a 
certain measure, fed by the dead earth :—over nearly all the operations 
of agriculture, indeed, it throws a new and unexpected light. Of this, I 
am confident, you will be fully satisfied when I shall have discussed the 
various topics I am to bring before you in the present part of my lectures. 


§ 1. Of the relative proportions of inorganic matter in different 
vegetable substances. 

As above stated, the inorganic matter contained in different vegetable 
productions varies from 1 to 12 per cent, of their whole weight. The 
following table exhibits the weight of ash left by 100 lbs. of the more 
commonly cultivated plants—according to the analyses of Sprengel 


[ Chemie, vol. ii., passim] :-— 
Undried. Dried in air.* 


Grain of Perct. | Potato . . . . «. O-83l]bs. 2°65 lbs. 
Wheat) os. 5 d°18:lbs:!) Turnipys: . say. 0 wo 0°63 7°05 
Rye.) 1°04 Do. white. . . 08 J. 
Barley: 9%.) 2°35 Carroti: .o:l beitwy si! 0°66 5°09 
Do. dried at 212, 2°52 J. | Parsnip. . . . . 0:82 4°34 
Oats yee ee 25S Leaf of Potato . . 4:79 
Field Beans . 2-14 Paraipes iss9 xs }4s8 2°91 

- Peas . 2°46 —— do. white . 218 J. 
i= i @arrokasesit.v ise 1698 10°42 
“s 2 z —— Parsnip . 3-00 15:76 
ry straw o erct. rae . . 

Wheat aie hac Dsels Oabiege Pa plate 
9 CE aa Ty | Green. In hay. 
Barleyiei, 4 5°24 Lucerne . . . . 2-58lbs. 9°55 Ibs 
Byeisteacy since Red, Glover . tn sunnaklse” 7°48 
Beans . Me PID White Clover . . 1°74 9°13 
Peas) «psc of 4097 Rye Grass. . . . 1:69 5:3 


* Of the substances in this column the potato lost by drying in the air 69 per ct. of water, 
the turnip 91, the carrot 87, the turnip leaf 86, the carrot leaf, the parsnip, and the parsnip 
leaf, each 81, and the cabbage leaf 93 per cent. 
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In the parts of trees dried in the air there are found of inorganic 
matter— 


Wood. Leaves. Wood. Leaves. 
Inthe Elm . . 1°88 11:8 |IntheOak . . 0°21 4°5 
Willow . 0:45 8:23 Birch . . 0°34 5:0 
Poplar. . 1°97 9°22 Pitch pine 0-25 3°15 
Beech . . 0°36 6°69 Comm. furze 0°82 Bil vce 


In looking at the preceding tables, you cannot fail to be struck with 
one or two points, which they place in a very clear light. 

1°. That the quantity of inorganic matter contained in the same 
weight of the different crops we raise, or of the different kinds of vegeta- 
ble food we eat, or with which our cattle are fed, is very unlike. Thus 
100 lbs. of barley, or oats, or peas, contain twice as much inorganic 
(earthy and saline matter, that is,) as an equal weight of wheat or rye— 
and the same is the case with lucerne and white clover hays, compared 
with the hay of rye grass. 

2°. The quantity contained in different parts of the same plant is 
equally unlike. Thus 100 lbs. of the grain of wheat leave only 14 ]bs. 
of ash, while 100 lbs. of wheat straw leave 341bs. So the dry bulb of 
the turnip gives only 7 per cent., while the dry leaf leaves 13 per cent. 
of ash when it is burned. The dry leaves of the parsnip also contain 
nearly 16 per cent., though in its root, when sliced and dried in the air, 
there are only 4} per cent. of inorganic matter. 

In trees the same fact is observed. The wood of the elm contains 
less than 2 per cent., while its leaves contain nearly 12 per cent. ;—the 
wood of the oak leaves only 4th of a per cent., while from its leaves 43 
per cent. or 22 times as much are obtained. The leaves of the willow 
and of the beech also contain about twenty times as much as the wood 
of these trees does, when it has been dried under the same conditions. 

These differences cannot be the result of accident. They are con- 
stant on every soil, and in every climate; they must, therefore, have 
their origin in some natural law. Plants of different species must 
draw from the soil that proportion of inorganic matter which is adapted 
to the constitution, and is fitted to supply the wants of each ;—while of 
that which has been admitted by the roots into the general circulation 
of the plant, so much must proceed to and be appropriated by each part 
as is suited to the functions it is destined to discharge. And as from 
the same soil different plants select different quantities of saline and 
earthy matter, so from the same common sap do the bark, the leaf, the 
wood, and the seed, select and retain that proportion which the healthy 
growth and developement of each requires. It is with the inorganic, as 
with the organic food of plants. Some draw more from the soil, some 
less, and of that which circulates in the sap, only a small portion is ex- 
pended in the production of the flower, though much is employed in 
forming the stem and the leaves. On the subject of the present section, 
I shall add two other observations. 

1°. From the constant presence of this inorganic matter in plants, and 
from its being always found in nearly the same proportion in the same 
species of plants,—a doubt can hardly remain that it is an essential part 
of their substance, and that they cannot live and thrive without it. But 
that it really is so, is placed beyond a doubt, by the further experimen. 
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tal fact, that if a healthy young plant be placed in circumstances where 
it cannot obtain this inorganic matter, it droops, pines, and dies. 

2°. But if it be really essential to their growth, this inorganic matter 
must be considered as part of the food of plants; and we may as cor- 
rectly speak of feeding or supplying food to plants, when we add earthy 
and mineral substances to the soil, as when we mix with it a supply of 
rich compost, or of well fermented farm-yard manure. 

I introduce this observation for the purpose of correcting an erroneous 
impression entertained by many practical men in regard to the way in 
which mineral substances act when applied to the soil. By the term 
manure they generally designate such substances as they believe to be 
capable of feeding the plant, and hence reject mineral substances, such 
as gypsum, nitrate of soda, and generally lime, from the list of manures 
properly so called. And as the influence of these substances on vegeta- 
tion is undisputed, they are not unfrequently considered as stimulants only. 

Yet if, as I believe, the use of a wrong term is often connected 
with the prevalence of a wrong opinion, and may lead to grave errors 
in practice,—I may be permitted to. press upon your consideration 
the fact above stated—I may almost say demonstrated—that plants 
do feed upon dead unorganized mineral matter, and that you are, there- 
fore, really manuring your soil, and permanently improving it, when 
you add to it such substances of a proper kind. 


§ 2. Of the kind of inorganic matter found in plants. 


I have said above, of a proper kind—for it is not a matter of indiffer- 
ence to a plant, what kind of earthy or saline matter it takes in by its 
roots. Each species of plant, we have seen, withdraws from the soil a 
quantity of inorganic matter, which is peculiar to itse]f, and which, as a 
whole, is nearly constant. 

So also each species, in selecting for itself a nearly constant weiglit 
of inorganic matter, while it chooses generally the same kind of saline 
and earthy ingredients as other plants do, to make up this weight, yet 
picks them out in proportions peculiar to itself. ‘Thus for example, lime 
is present in the ash of nearly all plants, but while 100 lbs. of the ash 
of wheat contain 8 pounds of lime, the same weight of the ash of barley 
contains only 44 Ibs. So also potash is contained in the ash of most 
plants grown for food, but in the ash of the turnip, there are 37} per 
cent. of potash, while in that of wheat there are only 19 per cent. Again, 
in different-parts of the same plant, a like difference prevails. The ash 
of the turnip bulb contains 164 per cent. of soda,—that of the leaf, little 
more than 12 per cent. On the other hand, the lime in that from the 
bulb constitutes less than 12 per cent. of its weight, while in that of the 
leaf it amounts to upwards of 34 per cent. 

These relative proportions among the different kinds of inorganic mat- 
ter contained in the ash of plants—like the whole weight itself of the 
ash—is nearly constant in the same species, and in the same part of a 
plant, when it is grown in a propitious soil. Itis not, therefore, as I have 
already said, a matter of indifference to the living vegetable, whether 
it meets with this or with that kind of inorganic matter in the land on 
which it grows—whether its roots are supplied with lime, or with potash, 
or with soda. The soil must contain all these substances, and in such 
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quantity as easily to yield to the crop so much of each as the kind of plant 
specially requires. And if one of these necessary inorganic forms of 
matter be rare or wholly absent, the crop will as certainly prove sickly 
or entirely fail, as if the organic food supplied by the vegetable matter 
of the soil were wholly withdrawn. It is, therefore, as much the end of 
an enlightened agricultural practice to provide for the various require- 
ments of each crop in regard to inorganic food, as it is to endeavour to 
enrich the land with purely vegetable substances. 

Since, also, as above shown, not only the relative quantity of tmor- 
ganic matter, but its kind or quality, likewise, is different in different 
plants,—it may be, that a soil on which one crop cannot attain to ma- 
turity may yet surely and completely ripen another—a fact which is 
proved by every-day experience. The soil, which is unable to supply 
with sufficient speed all the lime or the potash required for one crop, 
may yet easily meet the demands of another, and afford an ample re- 
turn to the husbandman when the time of harvest comes.* 

On the other hand, this consoling, at once, and stimulating reflection 
must arise in the mind of the practical agriculturist from the considera- 
tion of the above facts—that if the soil contain all the inorganic substan- 
ces required by plants, and in sufficient quantity, it will grow, if rightly 
tilled, any crop which is suited to the climate,—or conversely to make 
it capable of growing any crop, he has only—along with his usual sup- 
plies of animal or vegetable matter—to add in proper quantity these in- 
organic substances also. 

Here a crowd of questions cannot fail to start up in your minds. You 
will ask, for example, 

1°. What are the several inoyganic substances usually present in 
cultivated plants, and what their respective proportions ? 

2°. Which of them are most generally present in the soil? 

~3°. In what form can those which are less abundant be added most 
easily, most advantageously, and most economically ? 

We shall consider in succession these, and along with them other 


* On the same principle, also, some of the interesting facts connected with the grafting of 
trees are susceptible of a satisfactory explanation. 

The root ofa tree selects from the soil the kind and quality of inorganic matter which 
are required for the healthy maturity of its own parts. Any other tree may be grafted on it, 
which in its natural state requires the same kindof inorganic matters in nearly the same 
proportion. This is the case generally with varieties of the same species—more rarely 
with trees or plants of different species—and least frequently with such as belong to differ- 
ent genera. The lemon may be grafted on the orange, because the sap of the latter con- 
tains all the earthy and saline substances which the former requires, and can supply them 
in sufficient quantity to the engrafted twig. But the fig or the grape would not flourish or 
ripen fruiton the same stock—because these fruits require other substances than the root of 
the orange cares to extract from the soil, or in greater quantity than the sap of the orange 
can supply them. 

It is not for want of organic food, for of this the sap of nearly all plants is full—and we 
have seen in our previous lectures, how the sugar of the fig, the tartaric acid of the grape, 
and the citric acid of the lemon, may all be produced by natural processes from the same 
common organic food. When we plant a tree or sow a crop ona soil which does not con- 
tain all that the tree or crop requires, the tree must slowly perish,—the crop cannot yield a 

rofitable return. So itis in grafting. The sap of the stock must contain all that the engrafted 

ud or shoot requires in every stage of iis growth. Or to recur to our former illustration— 
if the potash or lime required by the grape be not taken up and in sufficient quantity by 
the root of the orange, it will be in vain to graft the former upon the latter with the hope of 
its coming to maturity or yielding perfect fruit. 

This principle may also serve to explain many other curious and hitherto obscure cir: 
cumstances connected with the practice of the gardener. 
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subsidiary questions, which will hereafter present themselves to our 
notice. 


§ 3. Of the several elementary bodies usually met with in the ash of plants 


What is understood by the term element or elementary body among 
chemists has already been explained (Lect. I., p. 22), as well as the 
number and names of those elements with which we are at present ac- 
quainted. 

Of these elementary bodies we have seen that the organic part of plants 
contains rarely more than four, namely, carbon, hydrogen, oxygen, and 
nitrogen, in various proportions. In the inorganic part there occur nine 
or ten others, generally in combination, either with oxygen or with one 
another. 

The names of these inorganic elements are as follow: 


Name. In combination with Forming 
CHLORINE . Metals CHLORIDES. 
IopINE . . do. TopIpEs. 
Sunpuour . do. SuLPHURETS. 
Hydrogen SuLPHURETTED HyprRoGEN.* 
Oxygen Sunpnvuric Acip. 
PHOSPHORUS do. Puospuoric Acip. 
PorTassiuM . do. Porasu. 
Chlorine CHLORIDE OF Porassium. 
Sopium. . Oxygen Sopa. 
Chlorine CHLORIDE OF SODIUM OR 
Common SAut. ¢ 
CaLciumM . do. CuHLoRIDE or CALCIUM. 
Oxygen Lime. 
MaGnesiuM do. MAGNESIA. 
ALUMINIUM do. ALUMINA. 
Simicon . do. Sinica. 
Tron and do. OXIDES. 
MANGANESE ; Sulpbur SULPHURETS. 


Other elementary bodies, chiefly metallic, occurin some plants—occa- 
sionally, and in very small quantity,—but, so far asis yet known, they do 
not appear to be either necessary to their growth, or to exercise any ma- 
terial influence on the general vegetation of the globe. 

Of all the above elementary bodies it may be said, generally, 

1°. That with the exception of sulphur,f they are not known to exist 
or to be evolved, in any quantity, anywhere on the surface of the globe, 
in their simple, elementary, or uncombined state; and that, therefore, 
in this state they in no way affect the progress of vegetable growth, or 
require to occupy the attention of the practical agriculturist. 

2°. They all, however, exist in nature more or less abundantly in a 
state of combination with other substances, and chiefly with oxygen, [for 
an explanation of the meaning and of the laws of chemical combination, 
see Lecture II., p. 32]—but in no state of combination are they known 
to be generally diffused through the atmosphere of the globe, so as to be 


* Called also Hydro-sulphuric Acid. 


! iteg off in vapour from active volcanoes, and from rents and fissures ‘n ancient volcanic 
countries. 
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capable of entering plants by their leaves or other superior parts. They 
must all, therefore, enter by the roots of plants,—must consequently ex- 
ist in the land,—and must all be necessary constituents of that soil in 
which the plants that contain them grow. 

It will not be necessary, therefore, to consider so much the relative 
proportions in which these elementary bodies themselves exist in plants, 
as that of the several chemical compounds which they form with oxy- 
gen, or with one another—in which states of combination they exist in 
the soil, and are found in the circulation and substance of the plant. As 
a preliminary to this inquiry, however, it will be proper to lay before 
you a brief outline of the nature and properties of these compound 
bodies themselves—and of the direct influence they have been found to 
exercise upon vegetable life. 


§ 4. Of those compounds of the inorganic elements which enter directly into 
the. circulation, or exist in the substance and ash of plants. 


I-—CHLORINE AND MURIATIC ACID. 


Chlorine.—If a mixture of common salt and black oxide of manga- 
nese [sold by this name in the shops] be put into a flask or bottle of 
colourless glass, and sulphuric acid (oil of vitriol) be poured upon it, a 
gas of a greenish-yellow colour will be given off, ani will gradually fill 
the bottle. This gas is distinguished by the name of chlorine. 

It is readily distinguished from all other substances by its greenish- 
yellow colour, and its pungent disagreeable smell. It extinguishes a 
lighted taper, but phosphorus, gold Jeaf, metallic potassium and sodium, 
and many other metals, take fire in it and burn of their own accord. It 
is nearly 44 times heavier than common air, and therefore may be 
readily poured from one vessel to another. Water absorbs twice its 
own bulk of the gas, acquiring its colour, smell, and disagreeable astrin- 
gent taste. 

Animals cannot breathe it without suffocation—and, when unmixed 
with air, it speedily kills all living vegetables. The solution of chlorine 
in water was found by Davy to promote the germination of seeds. 

It does not exist, and is rarely evolved, [see Lecture V., p. 94,] in 
nature in a free or uncombined state, and therefore isnot known to ex- 
ercise any direct action upon the general vegetation of the globe. It 
exists largely, however, in common salt (chloride of sodium), every 100 
lbs. of this substance containing upwards of 60 Ibs. of chlorine. Indi- 
rectly, therefore, it may be supposed to influence, in some degree, the 
growth of plants, where common salt exists naturally in the soil, or is 
artificially applied in any form to the land. 

Muriatic acid, the spirit of salt of the shops, consists of chlorine in 
combination with hydrogen. It is a gas at the ordinary temperature of 
the atmosphere, but water absorbs between 400 and 500 times its bulk 
of it, and the acid of the shops is such a solution in water, of greater or 
less strength. 

Muriatic acid has an exceedingly sour taste, corrodes the skin, and in 
its undiluted state is poisonous both to animals and plants. It dissolves 
common pearl ash, soda, magnesia, and limestone, with effervescence ; 
and readily dissolves also, and combines with, many earthy substances 
which are contained in the soil. 
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When applied to living vegetables in the state of an exceedingly di- 
lute solution in water, it has been supposed upon some soils, and in 
some circumstances, to be favourable to vegetation. Long experience, 
however, on the banks of the Tyne, and elsewhere, in the neighbour- 
hood of the so-called alkali* works, has proved that in the state of va- 
pour its repeated application, even when diluted with much air, is in 
many cases fatal to vegetable life. 

Poured in a liquid state upon fallow land, or land preparing for a 
crop, it may assist the growth of the future grain, by previously forming, 
with the ingredients of the soil, some of those compounds which have 
been occasionally applied as manures, and which we shall consider 
hereafter. 

Chlorine is represented by Cl, and muriatic acid by HCl. 


II.—IODINE. 


Iodine is a solid substance of a lead grey colour, which, when heated, 
is converted into a beautiful violet vapour. It exists in combination 
chiefly with sodium, as Jodide of Sedium, in sea water and in marine 
plants ; but it has not hitherto been detected in any of the crops usually 
raised for food. 

Like chlorine, it is poisonous both to animals and plants; and was 
found by Davy to assist and hasten germination. It may possibly exert 
some hitherto unobserved influence upon vegetation, when it is applied 
to the soil in districts where sea-ware is largely collected and employed 
as a manure. 

Iodine is slightly soluble in water, and this solution has been men- 
tioned in a previous lecture (VI., p. 107), as affording a ready means 
of detecting starch by the beautiful blue colour it gives with this sub- 
stance. 


IlII].—-SULPHUR, SULPHUROUS AND SULPHURIC ACIDS, AND SUL- 
PHURETTED HYDROGEN. 


1°. Sulphur is a substance too well known to require any detailed 
description. In an uncombined state it occurs chiefly in voleanic coun- 
tries, but it may sometimes be observed in the form of a thin pellicle on 
the surface of stagnant waters—or of mineral springs, which are natu- 
rally charged with sulphurous vapours. — In this state it is not known 
materially to influence the natural vegetation in any part of the globe. 
It has, however, been employed with some advantage in Germany as a 
top-dressing for clover and other crops to which gypsum in that country 
is generally applied. The mode in which it may be supposed to act 
will be considered hereafter.* 

2°. Sulphurous acid.— When sulpbur is burned in the air it gives off 
a gaseous substance in the form of white fumes of a well known intensely 
suffocating odour. These fumes consist of a combination of the sulphur 


* In these works carbonate of soda (the common soda of the shops) and sulphate of soda 
(glauber salt) are manufactured from common salt, and in one of the processes immense 
quantities of muriatic acid are given off from the furnace, and used to escape into the air by 
the chimney. 

+ The refuse heaps of the alkali works on the Tyne contain much sulphur and more gyp- 
sum—but the farmers, perhaps, naturally enough, consider that if the works themselves do 
harm to their crops, the refuse of the works cannot do them much good. Thereare thou- 
sands of tons of this mixture which may be had for the leading away. 
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which disappears with the oxygen of the atmosphere, and are known 
to chemists by the name of sulphurous acid. This compound is des- 
tructive to animal and vegetable life, but as it is not known to be directly 
formed to any extent in nature, except in the neighbourhood of active 
volcanoes, it probably exercises no extensive influence on the general 
vegetation of the globe. 

This gas possesses the curious property of bleaching many animal and 
vegetable substances. Wool and straw for plaiting are bleached to an 
almost perfect whiteness—when they are suspended in a vessel or room 
into which a plate of burning sulphur has been introduced. Gardeners 
sometimes amuse themselves also in bleaching roses and other red 
flowers, by holding them over a burning sulphur match. Some shades of 
red resist this action tore or less perfeetly, and the colour of the bleached 
flowers may often be restored—by dipping them in a dilute solution of 
carbonate of soda, or by holding them over a bottle of hartshorn (liquid 
ammonia). 

3. Sulphuric acid.—This is the name by which chemists distinguish 
the oil of vitriol of the shops. It is also a compound of sulphur and oxy- 
gen only, and is formed by causing the fumes of sulphur to pass into 
large leaden chambers along with certain other substances, from which 
they can obtain a further supply of oxygen. 

It is met with in the shops in the form of an exceedingly sour corrosive 
liquid, which deeomposes. chars, and destroys all animal and vegetable 
substances, and, except when very diluted, is destruetive to life in every 
form. It is rarely met with in nature, in an uncombined state,-—though 
according to Boussingault, some of the streams which issue from the 
volcanic regions of the Andes are rendered sour by the presence of a 
quantity of this acid. 

It combines with potash, soda, lime, magnesia, &c., and forms sul- 
phates which exist abundantly in nature, and have often been benefi- 
cially and profitably emploved as manures. 

Where the soil contains lime or magnesia, the acid may often be ap- 
plied directly to the land, in a very dilute state, with advantage to clover 
and other similar crops. Jt has in France, near Lyons, been observed 
to act favourably when used in this way, while in Germany it has been 
found better to apply it to the ploughed land, previous tosowing. A few 
experiments have also been made in this country with partial success. 
It is deserving, however, of a further trial, and in more varied circum- 
stances. 

4°. Sulphuretted Hydrogen.—This gaseous compound of sulphur 
with hydrogen, is almost universally known by its unpleasant smell. 
It imparts their peculiar taste and odour to sulphurous springs, such as 
that of Harrogate, and gives their disagreeable smell to rotten eggs. It 
is often produced in marshy and stagnant places,* and fish ponds, where 

* This appears to be especially the case on the coasts of Western Africa, where the 
hot sun is continually beating on sea water, often shallow, frequently stagnant, and always 
laden with organic matter, either animal of vegetable (Daniell). Near the mouth of the 
Tees in this county, where a shallow, dark blue, muddy, samphire-bearing tract stretches 
for several miles inland from Seaton Snook, the presence of sulphuretted hydrogen may be 
perceived by the smell, when on a hot summer’s day a gentle air skims along the edge of 
the Slake. The favourable conditions are, a burning sun, a very gentle air, and such a con- 


dition of the sea—that those parts and pools which are only reached by the spring tides 
shall have been several days uncovered. 
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vegetable matter is undergoing decay in the presence of water contain- 
ing gypsum, or other sulphates ; and it may occasionally be detected by 
the sense of smell among the roots of the sod, in old pasture land, to 
which a top-dressing is occasionally given. 

As in the egg, so also in other decaying animal substances, especially 
when the air is in some measure excluded, this gas is formed. In pu- 
trified cow’s urine, and in night soil, it is present in considerable quan- 
tity. 

Sulphuretted hydrogen is exceedingly noxious to animal and vegeta- 
ble life, when diffused in any considerable quantity through the air by 
which they are surrounded. The luxuriance of the vegetation in the 
neighbourhood of sulphurous springs, however, has given reason to be- 
lieve that water impregnated with this gas, may act in a beneficial 
manner when it is placed within reach of the roots of plants. It seems 
also to be ascertained that natural or artificial waters which have a sul- — 
phurous taste, give birth to a peculiarly luxuriant vegetation, when they 
are employed in the irrigation of meadows.—[Sprengel, Chemie, I., 
p: 395.] 

The relative constitution of these three compounds of sulphur is thus 
represented :— 


Is repre- Or 1 of Sulphur 
One equivalent of Weighing sented by and 
Salphar Yes0 9373 4h 1G Ss 
Sulphurous Acid . . 382 SO, 2 of Oxygen 
Sulphuric Acid . . ,. 40 SO, 3 of Oxygen 
Sulphuretted Hydrogen 17 SH 1 of Hydrogen.* 


IV.—PHOSPHORUS AND PHOSPHORIC ACID. 


1°. Phosphorus is a solid substance of a pale yellow colour, and of a 
consistence resembling that of wax. When exposed to the air it slowly 
combines with the oxygen of the atmosphere, and burns away with a 
pale blue flame visible only in the dark. When rubbed, however, or 
exposed to a slight elevation of temperature, even to the heat of the 
hand, it readily bursts into a brilliant flame, emitting an intense light 
accompanied by dense white vapours. It does not occur in nature in 
an uncompbined state, and is not known to be susceptible of any useful 
application in practical agriculture. 

2°. Phosphoric Acid.—The white fumes given off by phosphorus, or 
rather into which it is changed, when burned in the air or in oxygen 
gas, consist of phosphoric acid. (This compound is solid and colourless, 
attracts moisture from the air with great rapidity, is exceedingly soluble 
in water, has an intensely sour taste, and like sulphuric acid is capable 
of corroding and destroying animal and vegetable substances. 

It does not exist in nature in a free state, and, therefore, is not directly 
influential upon vegetation. It unites, however, with potash, soda, lime, 
&c., to form compounds, known by the name of phosphates. In these 
states of combination, it is almost universally diffused throughout nature 
—and appears to be essentially necessary to the healthy growth and 
maturity of all living—certainly of all cultivated vegetables. 


* For the properties of oxygen and hydrogen see above, pages 24 and 25, and for their 
equivalent or atomic weights see page 34, 
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V.—POTASSIUM, POTASH, CARBONATE, SULPHATE, OXALATE, TARTRATE, 
CITRATE, AND SULPHATE OF POTASH, AND CHLORIDE OF POTASSIUM. 


1°. Carbonate of Potash.—In countries where non-resinons trees 
abound, it is usual to burn the wood which cannot otherwise be employ- 
ed—as in the clearings in Canada and the United States—for the pur- 
pose of collecting the ash which remains. This ash is washed with 
water and the washings boiled to dryness in iron pots. In this state it 
forms the pot-ash of commerce. When this potash is again dissolved 
in water, and the clear liquid decanted and boiled, the pearl-ash of the 
shops is obtained. - : 

This pearl-ash is an impure form of the carbonate of potash of chem- 
ists. It readily dissolves in water, has a peculiar taste—distinguished 
as an alkaline taste—and dissolves in vinegar or in diluted sulphuric or 
muriatic acid, with much effervescence. The gas given off during this 
effervescence (or boiling up) is carbonic acid, the same which, as was 
shown in a previous lecture, is obtained when a diluted acid is poured 
upon chalk or common limestone. 

This carbonate of potash has been lowg known to exercise a powerful 
influence over the growth of plants. 

The use of wood-ash as a fertilizer both of pasture and of arable land, 
goes back to the most remote antiquity ; and though the crude wood-ash 
contains other substances also, yet much of its immediate and most ap- 
parent effect is due to the carbonate of potash it contains. 

From what has already been stated, at the commencement of the 
present lecture, in regard to the presence of potash in the parts and 
juices of nearly all plants, you will already in some measure under- 
stand why the carbonate of potash should be useful to vegetation, and— 
since this alkali (potash) is present in greater quantity in some than in 
others—why it should appear to be more especially favourable to the 
growth of one kind of plant than of another. 

In this way, it is explained why moss and coarse grasses are extirpa- 
ted from meadows by a sprinkling of wood ashes—and why red clover, 
lucerne, esparsette, beans, peas, flax, and potatoes, &c., are greatly 
promoted in their growth by a similar treatment. This substance, how- 
ever, lias other functions fo perform in reference to vegetation, besides 
that of simply supplying the crop with the potash it requires ; these func- 
tions I shall explain more particularly hereafier, when you will perhaps 
be better prepared for understanding the details into which it will be ne- 
cessary to enter. 

2°. Potash.—When 12 parts of carbonate of potash are dissolved in 
water, and boiled with half their weight of newly-slaked quick-lime, 
they are gradually deprived of their carbonic acid, and converted into 
pure potash,—or as it is often called, from its effect on animal and ve- 
getavle substances, caustic potash. 

The caustic liquid thus obtained decomposes or dissolves most animal 
and vegetable substances, whether living or dead. When applied to 
the skin, unless it be in a very diluted state, it destroys it, and produces 
a painful sore. Potash does not occur in nature in this caustic or un- 
combined state, and is not known, therefore, to exercise any direct in- 
fluence upon natural vegetation. 

When wood-ashes and quick-lime are mixed together in artificial 
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composts, it is not unlikely that a portion of the carbonate of potash may 
be rendered caustic, and, therefore, be more fit to act upon the vegetable 
matter in contact with it—by rendering it soluble in water and thus ca- 
pable of entering into the roots of plants. To this point T shall have 
oceasion to return hereafter. In the mean time, it is proper to remark, 
that if pearl-ash be mixed, as above prescribed, with half its weight of 
quick-lime, and then boiled with less than ten or tielve times its weight 
of water, a part of the potash only 1s rendered caustic—the lime being 
unable to deprive the pearl-ash (carbonate of potash) of its carbonic 
acid, unless it be largely diluted. ence, in dry composts, or mixtures 
of this substance with quick-lime, it is unlikely that any large portion of 
the potash can be at once brought to the caustic state. This fact is 
really of importance in reference to the theory of the conjoined action of 
quick-lime and wood or pearl-ash, when mixed together in artificial ma- 
nures, and applied to the land. 

3°. Potasstum.—When dry caustic potash, obtained by evaporating 
the caustic solution above described, is mixed with powdered charcoal 
ani iron filings, and exposed to an intense heat in an iron retort, it is de- 
composed, and metallic potassium distils over, and is collected in the 
form of white shining silvery drops. 

It was one of the most remarkable discoveries of Sir H. Davy, that 
potash was a compound substance, and consisted of this metal potassium 
united to oxygen gas. 

Potassium is remarkable for the strong tendency it possesses to unite 
again with oxygen and re-form potash. When simply exposed to the 
air, it gradually absorbs oxygen from the atmosphere ; but if it be heat- 
ed in the air, it takes fire and burns. When the combustion has ceased, 
a quantity of caustic potash remains, the weight of which is nearly one- 
fifth greater than that of the potassium employed. It even bursts into a 
flame when thrown upon water, depriving that liquid of its oxygen, and 
liberating its hydrogen,—and it was justly considered as the most aston- 
ishing property of this metal, when first discovered, that it took fire 
when placed upon the coldest ice. [For the composition of water, see 
Lecture II., p. 36.] When thus burned in contact with water, potash 
is formed, as before, and is found dissolved in the liquid when the ex- 
a is completed. 

Chloride of Potassium.—This is a compound of chlorine with po- 
sie which, in taste, properties, and general appearance, has much 
resemblance to common salt. It may be formed by dissolving pearl- 
ash in dilute muriatic acid (spirit of salt} as long as any effervescence 
appears, and afterwards evaporating to dryness. It exists in small 
quantity in sea water, in the ash of most plants, and frequently in the 
soil. It is not an article of manufacture, but is occasionally extracted 
from kelp, and sold to the alum makers. Could it be easily and cheap- 
ly obtained, there is no doubt that it might be employed with advantage 
as a manure, and especially in those circumstances in which common 
salt has been found to promote vegetation. ‘The refuse of the soap-boil- 
ers, where soap is made from kelp, contains a considerable quantity of 
this compound. This refuse might be obtained at a cheap rate, and, 
therefore, might be usefully collected and applied to the land where 
such works are established. 
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5°. Sulphate of Potash.—This compound is formed by adding pearl- 
ash to dilute sulphuric acid (oil of vitriol) as long as effervescence ap- 
pears, and then evaporating the solution. It is a white saline sub- 
stance, sparingly soluble in water, and has a disagreeable bitterish taste. 
It exists in considerable quantity in wood-ash, and in the ash of nearly 
all plants, and is one of the most abundant impurities in the common 
potash and pearl-ash of the shops. This sulphate itself is not an article 
of extensive manufacture, but it exists in common alum to the amount 
of upwards of 18 per cent. of its weight. 

Dissolved in 100 times its weight of water, the sulphate of potash has 
been found to act favourably on red clover, vetches, beans, peas, &c., 
and parc of the effect of wood ashes on plants of this kind is to be attri- 
buted to the sulphate of potash they contain. Turf ashes are also said 
to contain this salt in variable quantity, and to this is ascribed a portion 
of their efficacy also when applied to the land. 

6°. Nitrate of Potash, or saltpetre, is a well known saline substance, 
of which mention has already been made in the preceding lectures. [See 
p- 56, and pp. 159 to i63.] It contains potash and nitric acid only, and 
may be readily formed by dissolving pearl-ash in nitric acid, and eva- 
porating the solution. It exists, and is continually reproduced in the 
soul of most countries, and is well known to exercise a remarkable influ- 
ence in accelerating and increasing the growth of plants. 

7°. Oxalates of Potash.—These salts exist in the common and wood 
sorrels, and in most of the other more perfect plants in which oxalic 
acid is known to exist. [See pp. 47 and 137.] The salt of sorrel is the 
best known of these oxalates. This salt has an agreeable acid taste, 
and is not so poisonous as the uncombined oxalic acid. 

When this salt is heated over a lamp, the oxalic acid it contains is de- 
composed, and carbonate of potash is obtained. It is supposed that a 
great part of the potash extracted from the ashes of wood and of the 
stemis of plants in general, in the state of carbonate, existed as an oxa- 
late in the living tree, and was converted into carbonate during the com- 
bustion of the woody fibre and other organic matter. ‘This compound, 
therefore, in all probability, performs an important part in the changes 
which take place in the interior of plants, though its direct agency in 
affecting their growth when applied externally to their roots has not 
hitherto been distinctly recognized. It is probably formed occasionally 
in farm-yard manure, and in decaying urine and night-soil, but nothing 
very precise is yet known on this subject. 

8°. Citrates and Tartrates of Potash—These salts exist in mnany 
fruits. ‘The citrates abound in the orange, the lemon, and the lime— 
the tartrates in the grape. When heated over a amp, they are decom- 
posed, and like the oxalates leave the potash in the state of carbonate. 

In the interior of plants, both potash and soda are most frequently 
combined with organic acids (oxalic, citric, tartaric, &c., for an ac- 
count of the most abundant of which see Lecture VI., p. 121,) and the 
compounds thus formed are generally what chemists call aczd salts— 
that is to say, they generally have a distinctly sour taste, redden vege- 
table blues, and contain much more acid than is found to exist in cer- 
tain other well known compounds of the same acids with potash. 

The citrates and tartrates are not known to be formed in nature, ex- 
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cept in the living plant, and as they are too expensive to be ever em- 
ployed as manures, it is the less to be regretted that few experiments 
have yet been tried with the view of ascertaining their effect upon vege- 
tation. 

9°. Phosphates of Potash.—If to a known weight of phosphoric acid 
(p. 186) pearl-ash (carbonate of potash) be added as long as any effer- 
vescence appears, and the solution be then evaporated, phosphate of 
potash is obtained. If to the solution before evaporation a second por- 
tion of phosphoric acid be added, equal to the first, and the water be 
then expelled by heat, Bi-phosphate of potash will remain, [so called 
from bis, twice, because it contains twice as much acid as the former, or 
neutral phosphate. } 

One or other of these two salts is found in the ash of nearly all plants. 
Whether or not the elements of which they consist exist in this state of 
combination in the living plant will be considered hereafter, in the mean 
time it may be stated as certain that they are of the most vital impor- 
tance not only in reference to the growth of plants themselves, but also 
to their nutritive qualities when eaten by animals for food. 

These phosphates are occasionally, perhaps very generally, present 
in the soil in minute quantities, and there is every reason to believe 
that could they be applied to the land in a sufficiently economical form, 
they would in many cases act in a most favourable manner upon vege- 
tation. They are contained in urine and other animal manures, and to 
their presence a portion of the efficacy of these manures is to be ascribed. 


V1.—SODIUM, SODA, CARBONATE OF SODA, SULPHATE OF SODA, SULPHU- 
RET OF SODIUM, CHLORIDE OF SODIUM. 


1°. Chloride of Sodium, common or sea salt, exists abundantly in sea 
water, and is found in many parts of the earth in the form either of in- 
crustations on the surface or of solid beds or masses at considerable depths. 
The rock salt of Cheshire is a well known example of this latter mode 
of occurrence. 

Common salt may also be detected in nearly all soils, it is found in 
the ashes of all plants, but especially and in large quantity in the ashes of 
marine plants (kelp), and is sometimes borne with the spray of the sea to 
great distances inland, when the winds blow strong, and the waves are 
high and broken. 

On some rocky shores, as on that between Berwick and Dunbar, the 
spray may be seen occasionally moving up the little coves and inlets in 
the form of a distinct mist driving before the wind, and the saline matter 
has been known to traverse nearly half the breadth of the island before 
it was entirely deposited from the air. 

It is impossible to calculate how much of the saline matter of sea water 
may in this way be spread over the surface of a sea-girt land like ours; 
but two things are certain—that those places which are nearer the sea 
will receive a greater, and those more inland a lesser, portion; and that 
those coasts on which sea winds prevail will be more largely and more 
frequently visited than those on which land winds are more commonly 
experienced. 

Tt is well known that common salt has been employed in all ages and 
in all countries for the purpose of promoting vegetation, and in no coun- 
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try perhaps in larger quantity or more extensively than in England. 
That it has often failed to benefit the land in particular localities, only 
shows that the soil in those places already contained a natural supply of 
this compound large enough to meet the wants of the crops which grew 
upon it. The facts above stated as to the influence of the wind in top- 
dressing the exposed coast-line of a country with a solution of salt, may 
serve as an important guide both in reference to the places in which it 
may be expected to benefit the land, and to the causes of its failing to 
do so in particular districts. 

2°. Sulphate of Soda, or Glauber’s salt, is usually. manufactured from 
common salt by pouring upon it diluted sulphuric acid {oil of vitriol), 
and applying heat. Muriatic acid (spirit of salt, so called by the old 
chemists, because thus given off by common salt,) is given off in the 
form of vapour, and sulphate of soda remains behind. It may also be 
prepared, though less economically, by adding the conimon soda of the 
shops to diluted sulphuric acid as long as any effervescence appears. 

This well known salt is met with in variable quantity in the ashes of 
nearly all plants, and is diffused in minute proportion through most 
soils. [I have elsewhere [see Appendix,] directed your attention to the 
beneficial effect which it has been obseryed to exercise on the growth 
especially of such plants as are known to contain a considerable propor- 
tion of sulphuric acid. Among these are red clover, vetches, peas, &c. 
And as tls salt is manufactured largely in this country, and can be ob- 
tained at the low price of ten shillings a cwt. in the dry state,* I have 
recommended it to the practical farmer as likely to be extensively useful 
as a manure for certain crops and on certain soils. The kind of crops 
and soils have as yet in great measure to be determined by practical 
trials.—[See the results of Mr. Fleming’s Experiments, given in the 
Appendix. ] 

3°. Sulphuret of Sodium.—When sulphate of soda is mixed with 
saw-dust, and heated in a furnace, the oxygen of the salt is separated, 
and sulpburet of sodium is produced. By a similar treatment sulphate 
of potash is converted into sulphuret of potassium. These compounds 
consist of sulphur and metallic sodium or potassium only. They do 
not occur extensively in nature, and are not manufactured for sale; but 
there is reason to believe that they would materially promote the vege- 
tation of such plants as contain much sulphur in combination with pot- 
ash or soda. The sulphuret of sodium is present in variable quantity in 
the refuse lime of the alkali works, already spoken of, and might be ex- 
pected to aid the other substances of which it chiefly consists, in contri- 
buting to the more rapid growth of pulse and clover crops. 

4°. Carbonate of Soda.—I have described the above compounds of 
soda before mentioning this its best known and most common form, be- 
cause they are all steps in the process by which the latter is usually pre- 
pared from comnion salt, by the soda manufacturers. 

When the sulpburet of sodium is mixed with chalk in certain propor- 
tions, and heated in a furnace, it is deprived of its sulphur, and is con- 
verted into carbonate of soda, the common soda of the shops. 

This well known salt, now sold in the state of crystals, [containing 62 


* Not in crystals, the form in which it is commonly sold as a horse medicine. These 
crystals contain upwards of half their weight (55 per cent.) of water. 
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per cent. of water,] at from 10s. to 12s. a cwt., has not as yet been ex- 
tensively tried asa means of promoting vegetation. ‘The lowness of its 
price, however, and the fact that it is an article of extensive home man- 
ufacture, conjoined with the encouragement we derive from theoretical 
considerations—all unite in suggesting the propriety of a series of ex- 
periments with the view of determining its real value to the practical 
agriculturist. The mode in which theory indicates that this compound 
is likely to act in promoting vegetation—as well as the crops to which it 
may be expected to be especially useful, will come under our considera- 
tion hereafter. 

Besides the common carbonate of soda above described, and which in 
the neighbourhood of Newcastle is manufactured from common salt to 
the amount of 30 or 40 thousand tons every year, there occur in nature 
two other compounds of soda with carbonic acid, in which the latter 
substance is present in larger quantity than in the soda of the shops. 
The sesqui-carbonate, containing one half more carbonic acid, occurs in 
the soil in many warm climates (Egypt, India, South America, &c.), 
and at Fezzan, in Africa, is met with as a mineral deposit of such 
thickness as in that dry climate to allow of its being employed as a 
building stone. 

The bi-carbonate is contained in the waters of many lakes, in Hunga- 
ry, in Asia, &c., and in many springs in all parts of the world. There 
can be no doubt that the waters of such-springs are fitted to promote the 
fertility, especially of pasture land, to which they may be applied either 
by artificial irrigation, or by spontaneous overflow from natural outlets. 
Some of the Harrowgate waters contain a sensible quantity of this bi- 
carbonate, and over a large portion of the Yorkshire coal-field, a bed of 
rock is found, at various depths, the springs from which hold in solution 
a considerable portion of this salt. The Holbeck water of Leeds, ac- 
cording to Mr. West, owes its softness to the presence of this carbonate, 
and the water from the coal-mines in the neighbourhood of Wakefield 
is occasionally so charged with it, as to form troublesome saline incrus- 
tations on the bottoms of the steam boilers. Where these waters occur 
in sufficient abundance, they should not be permitted to escape into the 
tivers, until they have previously been employed in irrigating the land. 

It has occasionally been observed that natural springs in some locali- 
ties impart a degree of luxuriance to natural pasture, which is not to be 
accounted for by the mere effect of a constant supply of water. In 
such cases, the springs may be expected to contain some alkaline, or 
other mineral ingredient, which the soil is unable to supply to the plants 
which grow upon it, either in sufficient abundance, or with sufficient 
rapidity. 

5°. Soda or Caustic Soda.—When a solution of the common soda of 
the shops is boiled with quick-lime, it is deprived of its carbonic acid, 
and like the carbonate of potash (p. 187) is brought into the caustic state. 
In this state it destroys animal and vegetable substances, and, unless 
very dilute, is injurious to animal and vegetable life. 

When common salt (chloride of sodium) is mixed with quick-lime in 
compost heaps, it is deprived by the lime of a portion of its chlorine, 
and is partially converted into this caustic soda. ‘The action of the soda 
in this state is similar to that of caustic potash. Not only does it readi- 
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ly supply soda to the growing plant, to which soda is necessary, but it 
also acts upon certain other substances which the plants require, so as 
to render them soluble, and to facilitate their entrance into the roots of 
plants. To the. presence of soda in this caustic state, the efficacy of 
such composts of common salt and lime in promoting vegetation, is in 
ar to be ascribed. 
Sodium is a soft metal of a silver white colour, and, like potassi- 

“oe light enough to float upon water. It is obtained by heating caustic 
soda with a mixture of charcoal and iron filings. It takes fire upon 
water—though not so readily as potassium—-and combines with its oxy- 
gen to form soda. In the metallic state it is not known to occur in na- 
ture, and, therefore, does not directly act upon vegetation. With oxy- 
gen it forms soda,—with ehlorine, chloride of sodium (common salt),— 
aud with sulphur, sulphuret of sodium,—all of which, as already stated, 
are more or less beneficial to vegetation. 

7°. Phosphates of Soda.—W hen the cominon soda of the shops is added 
to a solution of phosphoric acid in water, till effervescence ceases, and 
the solution is evaporated to dryness, phosphate of soda is formed, and 
by the subsequent addition of as much more phosphoric acid—bi-phos- 
phate. ‘These salts occur more or less abundantly in the ash of nearly 
all plants; they are occasionally also detected in the soil, and one or 
other of them is almost always present in urine and other animal ma- 
nures. As we know from theory that these compounds must be grate- 
fulto plants, we are justified in ascribing a portion of the efficacy of animal 
manures, in promoting the growth of vegetables, to the presence of these 
phosphates, as well as to that of the phosphates of potash (p. 190). 
They are not known to occur in the mineral kingdom in any large quan- 
lity, neither are they articles of manufacture, hence their direct action 
upon vegetation has not hitherto been made the subject of separate ex- 
periment. 


VII.—CALCIUM, LIME, CARBONATE OF LIME, SULPHATE OF LIME, NI- 
TRATE OF LIME, PHOSPHATES OF LIME, CHLORIDE OF CALCIUM, SUL- 
PHURET OF CALCIUM. 


1°. Carbonate of Lime.—Chalk, marble, and nearly all the lime- 
stones in common use, are varieties, more or less pure, of that com- 
pound of lime with carbonic acid which is known to chemists as car- 
bonate of lime. It occurs of various colours and of various degrees of 
hardness, but in weight the compact varieties are very much alike, be- 
ing generally a little more than 24 times (2°7) heavier than water. 
They all dissolve with effervescence in dilute muriatic acid (spirit of 
salt), and by the bubbles of gas which are seen to escape when a drop 
of this acid is applied to them, limestones may in ‘general be readily dis- 
tinguished from other varieties of rock. They dissolve slowly also in 
water which holds carbonic acid in solution; and hence the springs 
which issue from the neighbourhood of deposits of limestone are gene- 
rally charged in a high degree with this mineral substance. 

The value of this carbonate of lime in rendering a soil capable of pro- 
ducing and sustaining a luxuriant vegetation depends, in part, it is true, 
on the necessity of a certain proportion of lime to the growth and full 
developement of the several parts of nearly all plants, but it performs also 
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other important offices, which we shall hereafter have occasion more 
fully to consider. . 

2°. Lime or Quick-lime.—When limestone is burned along with coal 
or wood in kilns so constructed that a current of air can pass freely through 
them, the carbonie acid is driven off, and the lime alone remains. In 
this state it is generally known by the name of burned or quick-lime, 
from its caustic qualities, and is found to have lost nearly 44 per cent. of 
its original weight. 

The most remarkable property of quick-lime is its strong tendency to 
combine with water. This is displayed by the eagerness with which this 
liquid is drunk in by the lime in the aet of slaking, and by the great heat 
which is at the same time developed. Slaked lime is a compound of 
lime with water, and by chemists is called a hydrate of lime. It con- 
tains 24 per cent. of its weight of water. 

The action of quick-lime upon the land is one of the most important 
which presents itself to the observation of the practical agriculturist. 
Among other effects produced by it is that of hastening the decomposi- 
tion of vegetable matter either in the soil or in compost heaps; but this 
effect is materially promoted by—if it be not wholly dependent upon 
—the presence of air and moisture. By this decomposition carbonic 
acid and other compound substances are produced, which the roots are 
capable of absorbing and converting into the food of plants. 

In this caustic state lime does not occur in nature, nor when exposed 
to the air does it long remain in this state. It gradually absorbs carbonic 
acid from the atmosphere, and is again converted into carbonate. This 
change takes place more or Jess rapidly in all cases where quick-lime is 
applied to the land, but the benefits arising from burning the lime do not 
disappear when it is thus reconverted into carbonate. On the contrary, 
the state of very fine powder, into which quick-lime falls on slaking, 
enables the carbonate of lime, subsequently formed, to be intermixed 
with the soil in a much more minute state of division than could be ob- 
tained by any mechanical means. This we shall hereafter see to be a 
most important fact, when we come to study in more detail the theory 
of the action of lime in the several states of combination, and under the 
varied conditions in which it is employed for the purpose of improving 
the land. 

3°. Calcium is a silver-white metal, which, by its union with oxygen, 
forms lime. It is not known to exist in nature in an uncombined state, 
is prepared artificially only with great difficulty, and therefore exercises 
no direct action on vegetable growth. 

4°. Chloride of Calcitum.—When chalk or quick-lime is dissolved in 
muriatic acid, a solution of chloride of calcium is obtained. This solu- 
tion occurs in sea-water, in the refuse (mother-liquor) of the salt-pans, 
and is allowed to flow away in large quantities as a waste from certain 
chemical works. I have elsewhere stated the effects it has been ob- 
served to produce upon vegetable growth, [see Appendix,] and have re- 
commended the propriety of making experiments with the view of ren- 
dering useful some of those materials which in our manufactories are 
now suffered largely to run to waste. | 

5°. Sulphuret of Calcium is a compound of sulphur and calcium, 
which may be formed by heating together chalk and sulphur in a covered 
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crucipie. It is sometimes produced in nature, where moist decaying 
vegetable and animal matters are allowed to ferment in the presence of 
gypsum ; it may sometimes also be detected in the soil, and in the waters 
of mineral springs, and is contained largely in the recent refuse heaps 
of the alkali works. Like the sulphurets of potassium and sodium, al- 
ready described, it is fitted, when judiciously applied, to promote the 
growth especially of those plants in which sulphur has been recognized 
as a necessary constituent. 

6°. Sulphate of Lime, or gypsum, is a well known white crystalline 
or earthy compound, which occurs as an abundant mineral deposit in 
numerous parts of the globe. It is present in many soils, is contained 
in the waters which percolate through such soils, and in those of springs 
which ascend. from rocky beds in which gypsum exists, and is detect- 
ed in sensible proportions in the ashes of many cultivated plants. It 
is extensively employed in the arts, and in some countries not less ex- 
tensively as a means of promoting the fertility of the land.—[See Appen- 
dix, p. 1.] 

The gypsum of commerce contains nearly 21 per cent. of its weight 
of water, which it loses entirely on being exposed toa red heat. In 
some countries, a variety which is almost entirely free from water oc- 
curs in recky masses, and is distinguished by the name of Anhydrite. 

Gypsum, when burned, has the property of being reduced with great 
ease into the state of an impalpable powder. This powder, however, 
combines so readily with the 21 per cent. of water it had previously lost, 
that if it be mixed with water to the consistence of a paste so thin that itcan 
be poured into a mould, it-sets and hardens in a few minutes into a solid 
mass. In this way burned gypsum is employed in making plaster casts 
and cornices. 

Burned gypsum consists of lime and sulphuric acid only—in the pro- 
portions of 414 of the former, to 584 of the latter. Its use as a manure, 
therefore, will be specially to promote the growth of those plants by 
which these two substances are more abundantly required, and upon 
soils in which they are already present in comparatively small propor- 
tion. 

7°. Nitrate of Lime.—The production of nitrate of lime in artificial 
nitre-beds, on old walls, and on the sides of caves and cellars, especially 
in damp:situations, has already been alluded to in Lecture VIII., [p. 
161.] It may be formed artificially by dissolving common limestone in 
nitric acid, and evaporating the solution. It constitutes a white mass, 
which rapidly attracts water from the air, and runs to a iiquid. It is 
produced naturally, and exists, as I believe, in soils containing lime, 
more commonly than has hitherto been suspected. Its extreme solubili- 
ty in water, however, renders it liable to be carried downwards into the 
lower portions of the soil by every shower of rain—or to be actually 
washed away, when long continued wet weather prevails. 

When heated to dull redness with vegetable matter, the nitrate of 
lime is decomposed, and is converted into carbonate, or when exposed 
alone to a bright red heat, the nitric acid is expelled, and quick-lime 
alone remains. Hence where it really exists in plants, it cannot be de- 
tected in the ash,—and when present in soils, it must be separated by 
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washing them in water, before they are exposed to a heat sufficient to 
burn away the organic matter they contain. 

The details already entered into in the preceding lecture (pp. 159 to 
163) regarding the general action of nitric acid, in promoting the natural 
vegetation of the globe, render it unnecessary for me to dwell here on the 
special action of its compound with ime—more particularly as the entire 
subject of the action of lime upon the land will hereafter demand from 
us a separate consideration. 

The nitrate of lime cannot, as yet, be formed by art, at a sufficiently 
cheap rate to allow of its being manufactured for the use of the agricul- 
turist. 

Phosphates of Lime.—Lime combines with phosphoric acid in sev- 
eral proportions, forming as many different compounds. Of these by 
far the most important and abundant in nature, certainly the most use- 
ful to the agriculturist, is the earth of bones. It will be necessary, how 
ever, to advert shortly to two others, with the existence of which it is 
important for us to be acquainted. 

A. Earth of Bones is the name given to the white earthy skeleton that 
remains when the bones of animals are burned in an open fire until 
every thing combustible has disappeared. This earthy matter consists 
chiefly of a peculiar phosphate of lime, composed of 514 per cent. of 
lime, and 484 of phosphorie acid. This compound exists ready formed 
in the bones of all animals, and is the substance selected in the economy 
of nature to impart to them their strength and solidity. It is found in 
smaller quantity in those of young animals, while they are soft, and 
cartilaginous,—and the softening of the bones, which in after-life occurs 
as the result of disease, is caused by the unnatural abstraction of a greater 
portion of this earthy matter than is replaced by the food. 

This earthy phosphate constitutes about 57 per cent. of the dried bones 
of the ox, is present in lesser quantity in the horns, hoofs and nails, and 
is never absent even from the flesh and blood of healthy animals. It 
exists in the seed of many plants, in all the varieties of grain which are 
extensively cultivated for food, and in the ashes of most common plants. 
The ashes of leguminous, cruciferous, and composite plants, are es- 
pecially rich in this compound. 

If we consider that when animals die, their bones are chiefly buried in 
the earth, and that over the entire globe, animal life, in one or other of 
its forms, prevails, we shall not be surprised that, in almost every soil, 
the earth of bones should be found to exist in greater or less abundance. 
Nor can we have any difficulty in conceiving, if such be the case, 
whence plants draw their constant and necessary supphes of this 
substance. 

At the same time, it is true of this compound, as of all the others we 
have yet spoken ef, as occurring in, and as necessary to the growth of, 
vegetables,—that some soils contain it in greater abundance than others, 
and that from some soils, therefore, certain plants will not readily obtain 
as much of this substance as they require. This is the natural principle 
ou which the use of bone-dust as a manure ehiefly depends. 

Hence of two marls both containing carbonate of lime, that will be 
most useful to the land which contains also, as many do, a notable por- 
tion of phosvhate of lime; and of two limestones, that will be preferred 
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in an agricultural district in which animal remains most abound. I 
shall have occasion to illustrate this point more fully, when in a subse- 
quent lecture I come to explain the natural origin of soils, and to trace 
their chemical constituents to the several rocky masses from which they 
appear to have been derived. 

Before dismissing this topic, however, there are one or two proper- 
ties of this bone earth which are of practical importance, and to which, 
therefore, I must shortly request your attention. It is insoluble in water 
or in solutions of soda or potash, but it dissolves readily in acids, such as 
the nitric or muriatic, and also, though less easily and abundantly, in 
common vinegar. It exists in milk, and is supposed to be held in solu- 
tion by a peculiar acid found in this liquid, and which is distinguished by 
the name of lactic acid (acid of milk). 

It is slightly soluble also in a solution of carbonic acid, and of certain 
other organic acids which exist in the soil, and it is by means of these 
acids that it is supposed to be rendered capable of entering into the roots 
of plants. Wherever vegetable matter exists, and is undergoing decay 
in the soil, the water makes its way to the roots more or less laden with 
carbonic acid, and thus is enabled to bear along with it not only common 
carbonate of lime, as has been shown in a previous lecture (p. 47), but 
also such a portion of phosphate as may aid in supplying this necessary 
fuod to the growing plant.* 

In the bones of animals the phosphate is associated with animal gela- 
tine, which can be partially extracted by boiling bones in water under 
a high pressure. It has been observed, however, that the phosphate, 
when in a minute state of division, is slightly soluble in a solution of 
gelatine, and hence bones, from which the jelly has been partially ex- 
tracted by boiling, will be deprived of a certain proportion of their earthy 
matter also. They will have lost their gelatine, however, in a greater 
proportion, and hence, 2f again thoroughly dried, they will contain a 
larger per-centage of bone earth than when in their natural state. In 
this country, bones are seldom boiled, I believe, either for the jelly they 
give, or as in France and Germany for the manufacture of glue, though 
in certain localities they are so treated in open vessels for the sake of the 
oil they are capable of yielding. Such boiled bones are said to act more | 
quickly when applied to the land, but to be less permanent in their ef- 
fects. This may be chiefly owing to their not being so perfectly dry as 
the unboiled bones. Being thus moist, they will contain, in tWe same 
weight, a comparatively smaller quantity both of the animal gelatine 


* If to asolution of bone earth in muriatic acid (spirit of salt), liquid ammonia (hartshorn) 
be added, the solution will become milky, and a white powder will fall, which is the earth 
of bones in an extremely minute state of division. If this powder be washed by repeated affu- 
sions of pure water, and be afterwards well shaken with water which is saturated with car- 
bonic acid, or through which a current of this gas is made to pass, a sensible portion of the 
phosphate will be found to be taken up by the water. This will appear on decanting the 
solution and evaporating it to dryness, when a quantity of the white powder will remain be- 
hind. The mean of 10 experiments made in this way gave me 30 grains for the quantity of 
phosphate taken up by an imperial gallon of water. What takes place in this way in our 
hands, happens also in the soil. Not only does that which enters the root bear with it a por- 
tion of this — where it exists in the soil, but the superabundant water also which 
runs off the surface or sinks through to the drains, carries with it to the rivers in its cour, 

a still larger quantity of this soluble compound, and thus gradually lessens that supply o 
phosphate which either exists naturally in the soil, or has been added as a manure by the 
practical agriculturist. 
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and of the earthy phosphate, while they will also be more susceptible of 
speedy decomposition when buried in the soil.* 

In solutions of common salt and of sal-ammoniac, the earth of bones 
is also slightly soluble, and cases may occur where the presence of 
these compounds in the soil may facilitate the conveyance of the earthy 
phosphate into the roots of plants. 

B. Acid or Bi- Phosphate of Lime.—When burned bones are reduced 
to powder, and digested in sulphuric acid (oil of vitriol), diluted with 
once or twice its weight of water, the acid combines with a portion of the 
lime, and forms sulphate of lime (gypsum), while the remainder of the 
lime and the whole of the phosphoric acid are dissolved. The solution, 
therefore, contains an aeid phosphate of lime, or one in which the phos- 
phorie acid exists, in much larger quantity than in the earth of bones. 
The true bi-phosphate, when free from water, consists of 714 of phos- 
phoric acid, and 284 of lime. It exists in the urine of most animals, and 
is therefore an important constituent of liquid manures of animal origin. 

Ifthe mixture of gypsum and acid phosphate, above described, be 
largely diluted with water, it will form a most valuable liquid manure, 
especially for grass land, and for crops of rising corn. In this liquid 
state, the phosphoric acid will diffuse itself easily and perfectly through- 
out the soil, and there will speedily lose its acid character by combining 
with one or other of the basict substances, almost always present in 
every variety of land. 

Or if to the solution, before it is applied to the land, a quantity of pearl- 
ash be added until it begin to turn milky, a mixture of the phosphates 
with the sulphates of lime and of potash will be obtained, or—if soda be 
added instead of potash—of the phosphates with the sulphates of lime 
and of soda; either of which mixtures will be still more efficacious 
upon the land, than the solution of the acid phosphates alone. 

Or to the solution of bones in the acid, the potash or soda may be added 
without further dilution, and the whole then dried up by the addition of 
charcoal powder, or even of vegetable mould, till it is in a sufficiently 
dry state to be scattered with the band as a top-dressing, or buried in 
the land by means of a drill. 

I have above alluded to the employment of bones in France and Ger- 
many, for the manufacture of glue. For this purpose the broken bones 
are digested in weak muriatic acid, by which the earthy matter is dis- 
solved, and the gelatine left behind. The gelatinous skeleton is boiled 
down fof glue, and the solution of the bone earth is thrown away. This 
solution contains a mixture of the acid phosphate of lime with chloride 
of calcium,—and might be used up in any of the ways above described, 
with manifest benefit to the land. The glue prepared by this method, 
however, is said to be inferior in quality, and as the process is not adopt- 
ed in this country, the opportunity of making an economical application 
of this waste material is not likely to be often presented to the English 
farmer. 


* The relative value of crushed bones in these two states, is indicated by the price of the 
unboiled being about 7 guineas, while that of boiled is only about 4 guineas a ton. 


_ t This word has already been used and explained—-it is applied to potash, soda, ammonia, 
lime, magnesia, and other substances, which have the property of combining with acids (sul- 
pauaey nitric, &c.) and of thus neutralizing them, or depriving them of their acid qualities 
and effects, 
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C. Native Phosphate of Lime or Apatite.—In some parts of the world, 
a hard mineral substance, commonly known by the name of Apatite, 
occurs in considerable quantity. It consists chiefly of a phosphate of 
lime, which differs but slightly in its constitution from the earth of bones, 
—containing 54} per cent. of lime, while the latter contains only 514 per 
cent. The composition of this mineral would lead us to expect it to 
possess a favourable action upon vegetation, and this anticipation has 
been confirmed by some experiments made with it on a limited scale by. 
Sprengel.—[ Chemie, I., p. 64.] 

It occurs occasionally in mineral veins, especially such as are found 
in the granitic and slate rocks. Masses of it are met with in Cumber- 
land, in Cornwall, in Finland, in the iron mines of Arendahl in Nor- 
way, and in many other localities. A variety of it distinguished by the 
name of phosphorite is said to form beds at Schlachenwalde in Bohemia, 
and in the province of Estremadura in Spain. From the last of these 
localities being the most accessible, the time may come when the high 
price of bones may induce our enterprising merchants to import it, for 
the purpose of being employed in a finely powdered state as a fertilizer 
of the land. 9* 
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Inorganic constituents of plants continued.-—Magnesia, Alumina, Silica, and the Oxides of 
Iron and Manganese.—Tabular view of the constitution of the inorganic substances de- 
scribed.—Proportions in which these several: substances are found in the plants cultivated 
for food.—Extent to which these plants exhaust the soil of inorganic vegetable food.—State 
in which the inorganic elements exist in plants. 


' § 1. Inorganic constituents of plants continued. 


VIIT.—MAGNESIUM, MAGNESIA, CARBONATE, SULPHATE, NITRATE, AND 
PHOSPHATE OF* MAGNESIA, CHLORIDE OF MAGNESIUM. 


1°. Carbonate of Magnesia is a tasteless earthy compound, which in 
some parts of the world forms rocky masses and veins of considerable 
height and thickness. It occurs more largely, however, in connection 
with carbonate of lime in the magnesian limestones, so well known in 
the eastern and northern parts of England,—and in similar rocks, dis- 
tinguished by the name of dolomites or of dolomitic limestones, in va- 
rious countries of Europe. The pure, exceedingly light, white magne- 
sia of the shops, is partly extracted from the magnesian limestone, and 
partly from the mother liquor of the salt pans, whieh generally contains 
much magnesia. 

When pure and dry, carbonate of magnesia consists of 433 of magne- 
sia, and 512 of carbonic acid. It dissolves readily in diluted acids (sul- 
phurie, muriatic, and acetic,) the carbonic acid at the same time esea- 
ping with effervescence. 

Existing as it does in many solid rocks, this carbonate of magnesia 
may be expected to be present in the soil, and it is found in the ashes of 
many plants. Of the ashes of some parts of plants it constitutes one- 
sixth of the entire weight. 

When exposed to the air in a finely divided state, it gradually absorbs 
a quantity of moisture from the atmosphere, equal to two-thirds of its 
own weight. In this state, it dissolves in 48 times its weight of water, 
though, when dry, it is nearly insoluble. Like carbonate of lime it is 
also soluble in water impregnated with carbonie acid, but in a some- 
what greater degree. In this state of solution it may be readily earried 
into the roots, and be the means of supplying to the parts of living ve- 
getables a portion of that magnesia which is necessary to their perfect 
growth. 

Soils containing much of this carbonate of magnesia are said to be 
highly absorbent of moisture, and to this cause is ascribed the coldness of 
such soils.—[Sprengel, Chemie, I., p. 645.] This opinion is, however, 
open to doubt. 

2°. Magnesia or Caustic Magnesia, the calcined magnesia of the 
shops.—When the carbonate of magnesia is heated to redness in the 
open air, it parts with its carbonic acid much more readily than lime 
does, and is brought into the state of pure or caustic magnesia. In this 
state it does not occur in nature, but it is occasionally met with in com- 
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bination with about 30 per cent. of water. When magnesian lime- 
stones or dolomites are burned, the quick-lime obtained often contains 
caustic magnesia also in considerable quantity. This mixture is fre- 
quently applied to the land, and, as is well known in many parts of 
England, with injurious effects, if laid on in too large quantities. The 
cause of this hot or burning nature, as it is called, of magnesian lime, is 
not very satisfactorily ascertained. I shall, however, state two or three 
facts, which may assist in conducting us to the true cause. 
1°. Quick-lime dissolves in 750 times its weight of water, at the or- 
dinary temperature of the atmosphere, while pure magnesia requires 
5142 times its weight. The magnesia, therefore, is not likely to injure 
living plants directly by entering into their roots in its caustic state, since 
lime which is seven times more soluble produces no injurious efféct. 
2°. It seems to be the result of experience, that magnesia in the state 
of carbonate is but slightly injurious to the land ; some deny that in this 
state it has any injurious effect at all. This I fear is doubtful; we may 
infer, however, with some degree of probability, that it is from some 
property possessed by magnesia in the caustic state, and not possessed, 
or at least in an equal degree, either by quick-lime or by carbonate of 
magnesia, that its evil influence is chiefly to be ascribed. 
3°. When exposed to the air, quick-lime speedily absorbs water and 
carbonic acid from the air, forming first a hydrate* in fine powder, and 
then a carbonate. Caustic magnesia absorbs both of these more slowly 
than lime does, and in the. presence of the latter, or when mixed with it, 
must absorb them more slowly still, since the lime will seize on the 
greater portion of the moisture and carbonic acid which exists in the air, 
immediately surrounding both. When slaked in the air also, the lime 
may be transformed in great part into carbonate, while the magnesia 
still remains in the state of hydrate, and it is a property of this hydrate 
to attract carbonic acid more feebly and slowly, even than the newly 
burned magnesia as it comes from the kiln. Hence when buried in the 
_soil, after the lime has become nearly all transformed into carbonate, the 
magnesia may still be all either in the dry caustic state, or in that of a 
hydrate only. 
4°. Now there exist in the soil, and probably are exuded from the 
living roots, various acid substances, both of organic and of inorganic 
origin, which it is one of the functions of lime, when applied to the land, 
to combine with and render innoxious. But these acid compounds unite 
rather with the caustic magnesia, than with the lime which is already 
in combination with carbonic acid—and form salis,t which generally are 
much more soluble in water than the compounds of lime with the same 
acids. Hence the water that goes to the roots reaches them more or 
less loaded with magnuesian salts, and carries into the vegetable circula- 
tion more magnesia than is consistent with the healthy growth of the 
plant. 
It is hazardous to reason from the phenomena of animal to those of 
* Compounds of substances with water are called hydrates (from the Greek word for wa- 
ter.) Thus slaked lime, a compound of lime with water, is called hydrate of lime—and the 
native compound of magnesia with water, alluded to in the text, is called hydrate of mag- 
nesia, 
+t Compounds of the bases,—potash, soda, lime, magnesia, &c.,—with acids,—sulphuric, 
muuriatic, nitric, acetic (or vinegar), &c.,—are called salts. 
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vegetable physiology, yet if lime and magnesia have the power of dif- 
ferently affecting the animal economy, why may they not also very 
differently affect the vegetable economy? And since in the same cir- 
cumstances, and in combination with the substances they meet with 
in the same soils, magnesia is capable of entering more largely into 
a plant by its roots—may not magnesia be considered capable of poi- 
soning a plant, when lime in the same condition would only improve 
the soil? 

I have said that it may be doubted whether magnesia in the state of 
carbonate is wholly unhurtful to the land. This doubt rests on the fact 
that the magnesia retains its carbonic acid more feebly than lime does 
—and therefore its carbonate 1s the more easily decomposed when an 
acid body comes in contact with both. Though, therefore, the mag- 
nesian carbonate will not lay hold of all acid matter so readily and surely 
as caustic magnesia may, still occasions may occur where acid matters 
being abundant in the soil, so much carbonate of magnesia may be de- 
composed and dissolved as to render the water absorbed by its roots 
destructive to the health or life of a plant. 

In reference to this point, however, it must be distinctly understood, 
that magnesia is one of the kinds of inorganic food most necessary to 
plants, that a certain quantity of it in the soil is absolutely necessary to 
the growth of nearly all cultivated plants, and that it is only when it is 
conveyed to the roots in too large a quantity, that it proves injuriovs to 
vegetable life. 

5°. Magnesium is the metallic basis of magnesia. Little is known 
of its properties, owing to the difficulty of preparing it in any consider- 
able quantity forthe purpose of experiment. It is a white metal, which, 
when heated in the air, takes fireand burns, combining with the oxygen 
of the atmosphere, and forming magnesia. It is not known to occur in 
nature in an elementary form, and therefore is not supposed directly to 
influence vegetation. 

6°. Chloride of Magnesium.—When calcined or carbonated magne-. 
sia is dissolved in muriatic acid, and the solution evaporated to dryness, 
a white mass is obtained which is a chloride of magnesium, consisting of 
magnesium and chlorine only. This compound occurs not unfrequently 
in the soil, associated with chloride of calcium. It is met with also in 
the ash of plants, while in sea water, and in that of some salt lakes, it 
exists in very considerable quantity. Thus 100 parts of the water of 
ihe Atlantic have been found to contain 34.0f chloride of magnesium, 
while that of the Dead Sea yields about 24 parts of this compound.* 
Hence it is present in great abundance in the mother liquor of the salt 
pans, and it is from the refuse chloride in this liquor that the magnesia 
of the shops, as above stated, is frequently prepared. 

The chloride of magnesium has not hitherto been made the subject of 
direct experiment as a fertilizer of the land. From the fact, however, 
that plants require much magnesia and some chlorine, there is reason to 
believe that, if cautiously applied, it might prove beneficial ia some soils, 
and especially to grain crops. Its extreme solubility in water, however, 
suggests the use of caution in its application. The safest method is to 


* 100 parts of the water of the Dead Sea contain also about 103 of chloride of calcium, 
and nearly 8 of common galt. 
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dissolve it in a large quantity of water, and to apply it to the young 
plant by means of a water-cart. In this way the refuse of the salt 
works might, in some localities, be made available to useful purposes. 

The chloride of magnesium is decomposed both by quick-lime and by 
carbonate of lime; hence when applied to a soil containing lime ir 
either of these states, chloride of calcium and caustic or carbonated mag 
nesia will be produced. / 

7°. Notrate of Magnesia is formed by dissolving carbonate of magne. 
sia in nitric acid, and evaporating the solution. It attracts moisture from 
the air with great rapidity, and runs into a liquid. It is probably formed 
naturally in soils containing magnesia, in the same way as bitrate of 
lime is known to be produced in soils containing lime. [See Lecture 
VIII., p. 159.] No direct experiments have yet been made as to its 
effects upon vegetation ; but there can be no doubt that it would prove 
highly beneficial, could it be procured at a sufficiently cheap rate to ad- 
mit of its economical application to the land. 

8°. Sulphate of Magnesia—the common Epsom salts of the shops— 
is formed by dissolving carbonate of magnesia in diluted sulphuric acid. 
It exists in nearly all soils which are formed from, or are situated in, 
the neighbourhood of rocks containing magnesia. In some soils it is so 
abundant that in dry weather it forms a white efflorescence on the sur- 
face. This has been observed to take place in Bohemia, Hungary, and 
parts of Germany, and it may be frequently seen in warm summer 
weather in the seighbourhood of Durham.* 

This salt has been found by Sprengel to act upon vegetation precisely 
in the same way as gypsum does, and on the same kind of plants. It 
must be used, however, in smaller quantity, owing to its great solubili- 
ty. Its higher price will prevent its ever being swbstiluted for gypsum, 
as a top-dressing for clover, &c., but it is worth the trial, whether corn 
plants, the grain of which contains much magnesia, might not be bene- 
fitted by the application of a small quantity of this sulphate—along with 
such other substances as are capable of yielding the remaining constit- 
uents which compose the inorganic matter of the grain. Its price is not 
too high to admit of this more restricted application. 

9°. Phosphate of Magnesia.—Magnesia exists in combination with 
phosphoric acid, in the solids and fluids of all animals, though not so 
abundantly as the phosphates of lime. In most soils phosphate of mag- 
nesia is probable present in minute quantity, since in the ashes of some 
varieties of grain it is found in very considerable proportion. 

Its action upon vegetation has never been tried directly, but as it 
exists in urine, and in most animal manures, a portion of their efficacy 
may be due to its presence. In turf ashes, which often prove a valua- 
ble manure, it is sometimes met with in appreciable quantity, and their 
beneficial operation in such cases has been attributed in part to the agen- 
cy of this phosphate. 


* It oceasionally collects beneath the plaster of old walls in Durham. In one of the lower 
rooms of the old Exchequer buildings, I found it forming an extensive layer nearly half an 
inch thick, beneath the damp plaster. The magnesia is derived from the magnesian lime- 
stone, used both for mortar and for building stone. 


t Its price in Newcastle in the state of crystals, is about 10s.acwt. The impure salt col- 


lected at the alum works on the Yorkshire cost, might be obtained, I should suppose, for 
little more than half this price. 
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1X.—ALUMINIUM, ALUMINA, SULPHATE AND PHOSPHATE OF 
ALUMINA—ALUM. 


1°. Aluminium is another of those rare and little known metals, the 
existence of which was established by Sir H. Davy. In combination 
with oxygen it forms alumina, and in this state it exists in such abun- 
dance in nature, as to form a large portion of the entire crust of the 
globe. 

2°, Alumina, the earth of Alum.—When common alum is dissolved 
in water, and a solution of carbonate of soda or of ammonia is added to 
it, a bulky white powder falls, which, when collected on a filter, well 
washed and dried, is nearly pure alumina. ‘This substance occurs on 
the surface of the earth in a pure state only in some rare minerals, such 
as the corundum, the sapphire, and the ruby,—but it constitutes a large 
proportion of all the slaty and shaley rocks. It is the principal ingre- 
dient also of all clays (pipe-clay for example) and clayey soils, which 
increase in tenacity in proportion to the quantity of alumina they contain. 

When pure, it is a white tasteless earthy substance, which adheres to 
the tongue, has a density of 2°00, and is insoluble in water, but dissolves 
readily in caustic potash and soda and in most acids, at least when new- 
ly thrown down from a solution of alum. When heated to redness, 
however, it becomes hard and dense, as in burned clay and fire bricks, 
and can then only be dissolved with extreme difficulty, even by the 
strongest acids. ‘Though it exists so largely in the soil, it contributes 
but little in a direct manner to the nourishment of plants. The ash they 
leave contains in general but a very small per-centage of alumina, as 
will more clearly appear hereafter,—the principal agency, therefore, of 
this ingredient of the soil is most probably of an indirect, perhaps of a 
mechanical kind. 

It has been stated in a preceding Lecture (p. 23), that charcoal has 
the property of absorbing gaseous substances, such as ammonia, from 
the atmosphere, and that the action of charcoal powder, in promoting 
vegetation, has been in a great measure ascribed to this property. The 
same property, we have also seen (p. 136), is ascribed to gypsum, and 
hence its fertilizing action has been explained in asimilar way. Alum- 
ina is said to be equally absorbent of ammonia; and the use of burned 
clay as a top-dressing, so strongly recommended by General Beatson, 
[New System of Cultivation, London, 1820,] is ascribed to its power 
of abstracting ammonia from the air, and fixing it in the soil ready to be 
conveyed by the rains tothe roots of the plants that grow upon it [Liebig, 
p- 90.} It has been already shown (p. 136,) that this mode of ac- 
counting for the action of gypsum is not satisfactory as a sole cause—in 
the case of alumina, the fact of its absorbing ammonia is hypothetical,* 
and therefore the explanation founded upon this fact is not to be impli- 
citly relied upon. 

3°. Sulphate of Alumina.—When alumina is digested in diluted sul- 


Because clays of many varieties—pipe-clay for example—contain traces of ammonia, 
which they evolve when moistened with a solution of caustic potash,—it is inferred that 
they have absorbed this ammonia from the atmosphere. The same inference is drawn 
from the fact of its presence in oxide of iron.—[Liebig’s Organic Chemistry applied to Agri- 
culture, p. 89.]—In neither case does the inference appear to me to be necessury. Much of 
the ammonia may have been formed in the soil, during the oxidation of the iron itself, or 
during the decay of vegetable and animal substances.—See above, Lecture VIII., p. 158. 
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phuric acid, it readily dissolves, and forms a solution of sulphate of 
alumina. This solution is characterized by a remarkable and almost 
peculiar sweetish astringent taste. When evaporated to dryness it yields 
a white salt, which dissolves in twice its weight of water only, and when 
exposed to the air, attracts moisture rapidly, and spontaneously runs to 
a liquid. This salt exists in some soils, especially in those of wet, 
marshy, and peaty lands. 

No experiments have yet been made with the view of determining its 
direct influence upon vegetation. 

4°, Phosphates of Alumina.—In combination with phosphoric acid, 
alumina forms one compound well known to mineralogists, by the name 
of wavellite. This mineral, however, occurs in too small quantity to be 
an object of interest to the agriculturist. 

Phosphoric acid is disseminated in some form or other throughout our 
clayey soils, though in very small and variable quantity. It is most 
probable that in these soils a portion of the acid at least is in combina- 
tion with the ‘alumina in the state of phosphate. One of the most diffi- 
cult problems in analytical chemistry is to effect a perfect separation of a 
small proportion of phosphoric acid from alumina, and rigorously to esti- 
mate its quantity ; hence in the greater part of the analyses of soils hitherto 
published, this most important ingredient in a fertile soil (the phosphoric 
acid), when in combination with, or in presence of alumina, has either 
been altogether neglected, or rudely guessed at, or indicated by a rough 
approximation only. We have no direct proof, therefore, of the extent 
to which the phosphates of alumina exist in different soils. 

5°. Alum.—The common alum of the shops owes its well known 
sweetish astringent taste to the presence of the above sulphate of alumi- 
na. It consists in 100 parts of about 40 of sulphate of alumina, 144 of 
potash, [described p. 189,}-and 453 of water. Alum is formed naturally 
on many parts of the earth’s surface, especially as an efflorescence on 
certain soils, and on some rocks when exposed to the air,—as on the 
alum shales of the Yorkshire coast. It is largely manufactured by cal- 
cining, and afterwards washing these alum shales. 

Alum has not been extensively tried as a manure. Its composition, 
however, would lead us to expect it to exert a beneficial influence on the 
growth of many plants—while the price, especially of the less pure va- 
rieties, is such as to admit of its being applied to the land at a compara- 
tively small cost. From some experiments made on a small scale, 
Spranet considers it highly worthy the attention of the practical agri 
culturist. 


X.—SILICA, SILICON, SILICATES OF POTASH, OF SODA, OF LIME, OF 
MAGNESIA, AND OF ALUMINA. 


1°. Silica.—The chief ingredient in all sand-stones and in nearly all 
sands and sandy soils, is known tochemists by the name of silica. Flints 
are nearly pure silex or silica—common quartz rock is another form of 
the same substance—while the colourless and more or less transparent 
varieties of rock crystal and chalcedony present it in a state of almost 
perfect purity. It exists abundantly in almost all soils, constituting 
what is called their siliceous portion, and is found in the ashes of all 
plants without exception, but especially in those of the grasses. Silica 
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is without colour, taste, or smell, and cannot be melted by the strongest 
heat. As it occurs in the mineral kingdom—in the state of flint, of 
quartz, or of sand—it is perfectly insoluble in pure water, either cold or 
hot, does not dissolve in acid and very slowly in alkaline solutions. 
When mixed with potash, soda, or lime, and heated in a crucible to a 
high temperature, it melts and forms a glass. Window and plate glass 
consists chiefly ef silica, lime, and soda, flint glass contains litharge 
[oxide of lead] in place of the lime. But though the various forms of 
more or less pure silica, which are met with in the mineral kingdom, 
are absolutely insoluble in water, yet it sometimes occurs in nature, and 
can readily be prepared in a state in which pure water, and even acid 
solutions, will take it up in considerable quantity. In this state it may 
be obtained by reducing crown-glass to a fine powder, and digesting it 
in strong muriatic acid, or by melting quartz sand in a large quantity of 
potash or soda, and afterwards treating the glass that is formed with di- 
luted muriatic acid. 

Silica is one of the most abundant substances in nature, and in com- 
bination with potash, soda, lime, magnesia, and alumina, it forms a 
large portion of all the so-called crystalline (granitic, basaltic, &c.) 
rocks. The compounds of silica, with these bases, are called silicates. 
By the action of the air, and other causes, these silicates undergo decom- 
position, as glass does when digested with muriatic acid, and the silica 
Is separated in the soluble state. Hence its presence in considerable 
quantity in the waters of many mineral and especially hot mineral 
springs, and in appreciable proportion in nearly all waters that rise from 
any considerable depth beneath the surface, or have made their way 
through any considerable extent of soil. _ 

In the substance of living vegetables it exists, for the most part, in 
this state of combination—as well as in the form of an extremely deli- 
cate tissue, of which the fibres are exceedingly minute, and therefore 
expose a large surface to the action of any decomposing agent, or of any 
liquid capable of dissolving it. In the compost heaps these silicates 
undergo decomposition,—and the more readily the less they have been 
previously dried, or the greener they are,—and the silica of the plant is 
liberated in a soluble state. Whether or not, when thus liberated, it 
will be carried, wncombined, into the roots of the plants by the water 
they absorb, will depend upon the quantity of potash or soda in the 
compost or in the soil, and upon other circumstances hereafter to be 
explained. 

2°. Silicon is known only in the state of a dark brown powder, which 
has not as yet been met with in nature in an elementary form, and is 
prepared by the chemist with considerable difficulty. When heated in 
the air, or in oxygen gas, it burns, combines with oxygen, and is con- 
verted into silzca. Silica, therefore, in its various forms, is a compound 
of silicon with oxygen. It consists of 48 per cent. of the former and 52 
per cent. of the latter. 

3°. Silicates of Potash and Soda.—When finely powdered quartz, 
flint, or sand, is mixed with from one-half to three times its weight of 
dry carbunate of potash or soda, and exposed to a strong heat in a cruci- 
ble, it readily unites with the potash or soda, and forms a glass. This 
glass is a silicate or a mixture of two or more silicates of potash or soda. 
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Silica combines with these alkalies* in various proportions. If it be 
melted with much potash, the glass obtained will be readily soluble in 
water; if with little, the silicate which is formed will resist the action 
of water for any length of time. Window and plate-glass contain 
much silicate of potash or soda. A large quantity of alkali renders 
these varieties of glass more fusible and more easily worked, but at the 
same time makes them more susceptible of corrosion or tarnish by the 
action of the air. 

The insoluble silicates of potash and soda exist also in many mineral 
substances. In the felspar and mica, of which granite in a great mea- 
sure consists, they are present in considerable quantity. ‘l'be former 
(felspar) contains one-third of its weight of an insoluble silicate of potash, 
consisting of nearly equal weights of potash and silica. In the variety 
called albite or cleavelandite, silicate of soda alone is found, while in 
some other varieties a mixture of both silicates is present. In mica from 
12 to 20 per cent. of the same silicate of potash occurs, but soda can 
rarely be detected in this mineral. The trap-rocks also (whin, basalt, 
green-stone), so abundant in many parts of our island, consist almost 
entirely of silicates. Among these, however, the silicates of potash and 
soda rarely exceed 5 or 6 per cent. of the whole weight of the rock, and 
are often entirely absent. 

These insoluble silicates also exist in the stems and leaves of nearly 
all plants. They are abundant in the stems of the grasses, especially 
in the straw of the cultivated grains, and form a Jarge proportion of the 
ash which is left when these stems are burned [p. 178.] 

It is important to the agriculturist to understand the relation which 
the carbonic acid of the atmosphere bears to these alkaline silicates which 
occur in the mineral and vegetable kingdom. Insoluble as they are in 
water, they are slowly decomposed by the united action of the moisture 
and carbonic acid of the air, the latter taking the potash or soda from the 
silica, and forming carbonates of these bases. In consequence of this 
decomposition the rock disintegrates and crumbles down, while the so- 
luble carbonate is washed down by the rains or mists, and is borne to 
the lower grounds to enrich the alluvial and other soils, or is carried by 
the rivers to the sea. 

In some cases, as in the softer felspar of some of the Cornish granites, 
this decomposition is comparatively rapid, in others, as in the Dartmoor 
and many of the Scottish granites, it is exceedingly slow,—but in all 
cases the rock crumbles to powder long before the whole of the silicates 
are decomposed, so that potash and soda are always present in greater 
or less quantity in granitic soils, and will continue to be separated from 
the decaying fragments of rock for an indefinite period of time. 

But the silica of the felspar, or mica, or zeolitict trap, when thus de- 
prived of the potash with which it was combined, is in that peculiar state, 
in which, as above described [p. 206], it is capable of being dissolved 
in small quanfity by pure water, and more largely by a solution of 
carbonate of potash or soda. Hence the same rains or mists which dis- 


* Potash, soda, and ammonia are called alkalies ; lime and magnesia are alkaline earths. 
See Lecture III, p. 51, note. 


+ The trap-rocks always more or less abound in zeolitic minerals, of which there is a great 
variety, and in which nearly all the alkali present in these (trap) rovks is contained. 
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solve the alkaline carbonates so slowly formed, take up also a portion of 
the silica, and convey it in a state of solution to the soils or to the rivers. 

. Thus, with the exception of the dews and rains which fall directly fram 
the heavens, few of the supplies of water by which plants are refreshed 
and fed, ever reach their roots entirely free from silica, in a form in 
which it can readily enter into their roots, and be appropriated to their 
nourishment. 

In the farm-yard and the compost-heap, where vegetable matters are 
undergoing decomposition, the silicates they contain undergo similar de- 
compositions, and, by similar chemical changes their silica is rendered 
soluble, and thus fitted, when mixed with the soil, again to minister to 
the wants and to aid the growth of new races of living vegetables. 

4°. Silicates of Lime.—A mixture of sand or flint with quick-lime 
readily melts and forms a glassy silicate or a mixture of two or more 
silicates of lime. These silicates are also present in large quantity in 
window and plate-glass, and in some of the crystalline* (granite and 
trap) rocks. In felspar and mica, which abound, as we have seen, in 
the alkaline silicates, it is rare that any lime can be detected. In that 

variety of granite, however, to which ‘the name of syenite is given by 
mineralogists, hornblende takes the place of mica, and some varieties of 
this hornblende contain from 20 to 35 per cent. of silicate of lime. This 
silicate (containing 38 per cent. of lime) is almost always present in the 
basaltic and trap-rocks, and sometimes, as in the augitict traps, in a 
proportion much larger than that in which it exists in the unmixed horn- - 
blende. ‘To this fact we shall have occasion to revert when we come 
to consider the relative fertility of different soils and the causes on which 
the difference of their several productive powers most probably depends. 

Silicates of lime are also found in the ash, and probably{ exist in the 
living stem and leaves of plants. 

Like the similar compounds of potash and soda, the silicates of lime 
are slowly decomposed by the united agency of the moisture and the 
carbonic acid of the atmosphere. Carbonaie of lime is. formed, and 
silica is set at liberty. ‘This carbonate of lime dissolves in the rains or 
dews which descend loaded with carbonic acid, [see page 46,] and the 
same waters take up also a portion of the soluble silica and diffuse both 
substances uniformly through the soil in which the decomposition takes 
place, or bear them from the higher grounds to the rivers and plains. 
The sparing but constant and long-continued supply of lime thus af- 
forded to soils which rest upon decayed trap, or which are wholly made 
up of rotten rock, has a material influence upon their well-known agri- 
cultural capabilities. 

5°. Silicates of Magnesia.—In combination with magnesia in differ- 
ent proportions, silica forms nearly the entire mass of those common 
minerals known by the names of serpentine and tale. In hornblende 
also and augite, silicates of magnesia exist in considerable quantity. 


* So called because the minerals of which they consist are generally in a crystallized state. 

t Rocks of which the mineral called augite forms a more or less considerable part. 

t1 say probably, because if uncombined silica be present in hay or straw along with car- 
bonate or oxalate of lime, the heat employed in completely burning away the organic matter 
may be sufficient to cause the lime and silica to unite and form a silicate which will after- 
wards be found in the ash, though none previously existed in the stem. 
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They must, therefore, be present in greater or less quantity in soils 
which are directly formed from the decomposition of such rocks. Like 
the silicates of lime, however—though more slowly than these—they 
will undergo gradual decomposition by the action of the carbonic acid 
of the atmosphere, and of the acids produced in the soil by vegetation 
and by the decay of organic matter. The magnesia, like the lime, will 
thus be gradually brought down, in a state of solution (p. 200), from the 
higher grounds, or washed out of the soil, till at length it may wholly 
disappear from any given s)ot.* 

6°. Silicates of Alumina.—Silica combines with alumina also in vari- 

ous proportions, forming silicates, which exist abundantly in nature in 

the crystalline rocks, and may also, like the other silicates, be formed 
by art. Felspar, mica, hornblende, and the augites, which abound in 
the trap-rocks, all contain much alumina in combination with silica, and 
we shall probably not be very far from the truth in assuming that up- 
wards of one-half by weight of the trap-rocks in general—as wel] as of 
the hornblendes, micas, and felspars. of which so large a part of the 
granitic rocks is composed-—eonsists of silicates of alumina. The alu- 
mina itself in these several minerals varies from 11 to 38 per cent., but 
generally averages about 20 per cent. of their entire weight. 

These silicates, when they occur alone, unmixed or uncombined with 
other silicates, decompose very slowly by the action of the atmosphere. 
They disintegrate, however, and fall to powder, when the alkaline sili- 
cates with which they are associated in felspar, &c., are decomposed and 
removed by atmospheric causes. In this wavy the deposits of porcelain 
clay, so common in Cornwall and in other countries, have been pro- 
duced from the disintegration of the felspathic rocks, and the clayey soils 
which occur in granite districts have not unfrequently had a similar origin. 

When contained in the soil, the silicates of alumina undergo a slow 
decomposition from the action of the various acid substances to which they 
are exposed. A portion of their alumina is dissolved and separated by 
these acids, and in this soluble state is either conveyed to the roots of 
plants or is washed from the soil by the rains—or by the waters that 
arise from beneath. 

The ash of plants contains only a very small proportion of alumina, 
yet even this small quantity they cannot derive from the silicates of this 
substance, since these are all insoluble in water—as alumina itself is. 
They obtain it, therefore, from some of those soluble compounds of alu- 
mina of which I have spoken as being either occasionally present (pp. 
204-5), or as being naturally formed in the soil. 


General remarks on these Silicates.—Of all these silicates it may be 
remarked in general— 


1°. That besides existing in the minerals above-mentioned, and from 
which they are conveyed into the soil, they are also slowly formed in the 


* Tam indebted to Sir Charles Lemon for the analysis of a.soil, on part of his own proper- 
ty, resting on serpentine, and bearing only Erica vagans, which illustrates the statement in 
the text. This soil consists of silica 70, alumina with a trace of gypsum 20, oxide of iron 6-2, 
and vegetable matter 3’°8 percent. If this soil has been formed from the rock on which it 
rests, the magnesia has been wholly washed out. Its constitution, however, points rather to 
a decayed felspar or slate rock, as the source from which it has been derived. 
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soil itself, when the ingredients of which they severally consist are na- 
turally present in, or are artificially added to, the soil. Hence, the ad- 
dition of potash or soda to the land may cause the production of sili- 
cates of these alkalies—probably soluble silicates—which water will 
be capable of dissolving and bearing to the extremities of the roots. 
Hence also, in a sandy soil, the addition of lime may give rise to the 
production of insoluble silicates of this earth,—and the beneficial effect 
of the lime upon the land may thus sooner cease to be observable than 
in soils of a different character, where it is not so liable to be locked up 
in an insoluble state of combination; and 

2°. That with the exception of those of potash and soda, which con- 
tain much alkali, these silicates are all insoluble in water, and thus not 
directly available to the nutrition of plants. Except those of alumina, 
however, they are all slowly decomposed by atmospheric agents, and 
their constituent elements thus brought, to a certain extent, within the 
reach of plants; while, without exception, they are all capable of de- 
composition in the soil by the agency of the acid substances, chiefly or- 
ganic, which there exist, or which are produced during the growth and 
decay of vegetable substances. I rom this latter source, the chief supply 
of the ingredients contained in the silicates, is, in most soiJs, derived by 
living plants. 

To this cause is attributed the surprising effect often observed to fol- 
low from the addition of vegetable matter to a sandy soil on which a 
previous addition of lime had ceased to produce any further beneficial 
effect. The organic acids formed by the vegetable matter during its de- 
cay decompose the silicates of lime previously produced, and thus liber- 
ate the lime from its insoluble state of combination. But when the sili- 
cates have been all decomposed by this agency, the further addition of ve- 
getable matter ceases necessarily to produce the same remarkable effects. 
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XI.—-THE OXIDES, SULPHURETS, SULPHATES, AND CARBONATES OF [RON.«, 


1°. Oxides of Tron.—It is well known that when metallic iron is ex- 
posed to moist air, it gradually rusts and becomes covered with, or whol- 
ly changed into, a crumbling ochrey mass of a reddish brown colour. 
This powder is a compound of iron and oxygen only, containing 69} per 
cent. of the former, and 302 per cent. of the latter, 

When iron is heated in the smith’s forge, and then beat on the anvil, a 
scale flies off which is of a black colour, and when crushed gives a black 
powder. This also consists of iron and oxygen only, but the proportion 
of oxygen is not so great as in the red powder above described. In both 
cases the iron has derived its oxygen from the atmosphere. 

To these compounds of iron, with oxygen, the name of ovides is given. 


There are only two which are of interest to the agriculturist, namely, 
CONSISTING OF 
ya 


Iron. Oxygen. Symbol. Colour. 
The first oxide* . . 77°23 22°77 Fe O} Black 
The second oxide . 69°34 30°66 Fe.0, Red, 
.  ° The first is also called the prot-oxide, the second either the sesqui, or more usually the 
per-oxide of iron. 
t Iron is represented by the symbol Fe, the initial letters of its Latin name (ferrum). 
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Both of these ex st abundantly in nature, and are present to a greater 
or less extent in all soils. The second or per-oxidle, however, is by far 
the most abundant on the earth’s surface, and the reddish colour obser- 
vable in so many soils is principally due to the presence of this oxide. 

The first oxide rarely occurs in the soil except in a state of combina- 
tion with some acid substance,—and so strong is its tendency to combine 
with more oxygen, that when exposed to the air, even in a state of com- 
bination, it rapidly absorbs this element from the atmosphere and 
changes into per-oxide. This change is observable in all chalybeate 
springs, in which, as they rise to the surface, the iron is generally held 
in solution in the state of the first oxide. Afier a brief exposure to the 
air, more oxygen is absorbed, and a reddish pellicle is formed on the 
surface, which gradually falls and coats the channel along which the 
water runs, with a reddish sediment of insoluble per-oxide. 

Both oxides are insoluble in pure water, and both dissolve in water 
containing acids in solution. The first oxide, however, dissolves in 
much greater quantity in the same weight of acid, and it is the com- 
pounds of this oxide which are usually present in the soil, and which, in 
buggy lands, prove so injurious to vegetation.* 

The second oride possesses two properties which, in connection with 
practical agriculture, are not void of some degree of importance. 

1°. In a soil which contains much vegetable matter in a state of de- 
cay, the per-oxide is frequently deprived of one-third of its oxygen by 
the carbonaceous matter, and is thus converted into the first oxide 
which readily dissolves in any of the acid substances with which it may 
be in contact. In this state of combination it ig more or less soluble in 
water, and in some localities may be brought to the roots of plants in 
such quantity as to prove injurious to their growth. 

2°. The red oxide of iron is said, like alumina (p. 197), to have the 
property of absorbing ammonia, and probably other gaseous substances 
and vapours, from the atmosphere and from the soil. In that which 
occurs in nature, either in the soil or near the surface of mineral veins, 
traces of ammonia can generally be detected. Since then ammonia is 
so beneficial—according to some So indispensably necessary—to vegeta- 
tion, the property which the per-oxide of iron possesses of retaining this 
ammonia when it would otherwise escape from the soil, or of absorbing 
it from the atmosphere, and thus bringing it within the reach of plants, 
ust also be indirectly favourable to vegetation—where the soil contains 
it in any considerable quantity. 

An important practical precept is also to be drawn from these two pro- 
erties of this oxide. A red irony soil: to which manure is added, 
hould be frequently turned over, and should be kept loose and pervious 
to the air, in order that the formation of prot-oxide (first oxide) may be 


* “ That layer of soil (says Sprengel), isalwaysespecially rich iniron, over which the heel 
of the plough glides in preparing the land. The friction of the soil continually rubs off par- 
icles of iron, which absorb oxygen and change into the first oxide. Hence this part of the 
30il is always darkerin colour than the rest; hence also the reason why the soil after deep 
jloughing, remains unproductive sometimes for several years.””—Chemie, I., p. 428. While 
ve acmit that the presence of the first oxide of iron in the subsoil affects its fertility, when 
yrought to the surface, we may doubt whether much of that iron can have been derived 
rom the tear and wear of the plough. 

t The carbon of the vegetable matter combines with the oxygen of the oxide to form car- 
ionic acid.—See p. 63. 
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prevented as much as possible; and it may occasionally be summer- 
fallowed with advantage, in order also that the per-oxide may absorb 
from the air those volatile substances which are likely to prove benefi- 
cial to the growth of the future crops. 

2°. Sulphurets of Iron.—Jron occurs in nature combined with sulphur 
in two proportions, forming a sulphuret and a bi-sulphuret. These 


consist respectivel y— 
Tron. Sulphur. Symbol. 


The sulphuret. . . 62:77 37°23 FeS 
The bi-sulphuret of . 45°74 54-26 Fe 8S. 


and are both tasteless and insoluble in water. 

1°. The first of these, the sulphuret (Fe S), occurs occasionally in 
boggy and marshy soils, in which salts of iron exist, or into which they 
are carried by rains or springs. It is notitself directly injurious to vege- 
tation, but when exposed to the air it absorbs oxygen and forms sulphate 
of iron, which, when present in sufficient quantity, is eminenuy so.* 

2°. The bi-sulphuret, or common iron pyrites (Fe S,), is exceedingly 
abundant in nature. Jt occurs in nearly all rocky formations—and in 
most soils. It abounds in coal, and is the source of the sulphurous smell 
which many varieties emit while burning. It generally presents itself 
in masses of a yellow colour and metallic lustre, more or less perfectly 
crystallized in cubical forms, so brittle and hard as to strike fire with 
steel, and of a specific gravity four and a half times greater than that of 
water (Sp. gr. 4, 5). When heated in close vessels it parts with nearly 
one-half of its sulphur, and hence is often distilled for the sulphur it 
yields. 

In the air it absorbs oxygen, in some cases—as in the waste coal 
heaps—with such rapidity as to heat, take fire, and burn. By this ab- 
sorption of oxygen (oxidation), sulphuric acid and sulphate or iron are 
produced. In the alum shales the iron pyrites abounds, and these are 
often burned for the purpose of converting the sulphur and sulphuric 
acid for the subsequent manufacture of alum. 

3°. Sulphates of Iron.—Of the sulphates of iron which are known, 
there is only one—the common green vitriol of the shops—that occurs in 
the soil in any considerable quantity. There are few soils, perhaps, in 
which its presence may not be detecied, though it is in bogs and marshy 
places that it is most generally and most abundantly met with. It is 
often exceedingly injurious to vegetation in such localities, but it is de- 
coinposed by quick-lime, by chalk, and by all varieties of marl, and 
thus its noxious effects may in general be entirely prevented. ‘To soils 
which abound in lime, it may even be applied with a beneficial effect. 

When a solution of this salt is exposed to the air it speedily becomes 
covered with a pellicle of a yellow ochrey colour, which afterwards falls 
as a yellow sediment. This sediment consists of per-oxide of iron, con- 
taining a little sulphuric acid; but by the separation of this oxide the 
sulphuric acid is left in excess in the solution, which becomes sour, and 


* Yet in small quantity it may be beneficial. Thus Sprengel mentions that the subsoil of 
a moor near Hanover, which contains some of this sulphuret of iron, produces astonishing 
effects when laid as a top-dressing on the grass lands. The explanation of this is, that the — 
pyrites absorb oxygen and is converted into sulphate, and thus re-produces the remarkable | 
effects observed on the addition of gypsum, of sulphuric acid, or of sulphate of soda, to simi- 
lar grass lands. | 
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still more injurious to vegetation than before. In boggy places the 
waters impregnated with iron are generally more or less in this acid 
state, and lime, chalk, and marl, with perfect drainage, are the only 
available means by which such lands can be sweetened and rendered 
fertile. 

When iron pyrites is exposed to the air it slowly absorbs oxygen, and is 
converted into sulphate of iron and sulphuric acid ; on the other hand, the 
sour solution above mentioned, when placed in contact with vegetable 
matter, where the air is excluded, parts with its oxygen to the decaying 
carbonaceous matter, and is again converted into iron pyrites. These 
two opposite processes are both continually in progress in nature, and 
often in the same locality,—the one on the surface, where air is present ; 
the other in the subsoil, where the air is excluded. 

4°. Carbonates of Iron.—When a solution of the sulphate of iron, 
above described, is mixed with one of carbonate of soda, a yellow powder 
falls, which is carbonate of tron. This carbonate is found abundantly in 
nature. It is the state in which the iron exists in the ore (clay-iron ore,) 
from which this metal is so largely extracted in our iron furnaces, and 
in the similar ore often found in the subsoil of boggy places, which is 
distinguished by the name of bog-iron ore. 

Like the carbonate of lime, it is insoluble in water, but dissoives with 
considerable readiness in water charged with carbonic acid. In this 
state of solution it issues from the earth in most of our chalybeate springs, 
and it is owing to the escape of the excess of carbonic acid from the 
water, when it reaches the open air, that the yellow deposit of carbonate 
of iron more or less speedily falls. 

The carbonate of iron, being insoluble in water, cannot be directly in- 
jurious to vegetation. When exposed to the air it gradually parts with 
its carbonic acid, and is converted into per-oxide of iron. 

The ash of nearly all plants contains a more or less appreciable quan- 
tity of oxide of iron. This may have entered into the roots either in the 
state of soluble sulphate or of carbonate dissolved in carbonic acid, or of 
some other of those numerous soluble compounds of iron with organic 
acids, which may be expected to be occasionally present in the soil. 


XII.—MANGANESE: OXIDES, CHLORIDES, CARBONATES, AND SULPHATES 
OF MANGANESE. 


1°. Manganese is a meta] which, in nature, is very frequently asso- 
ciated with iron in its various ores. It also resembles this metal in 
many of its properties. In the metallic state, however, it is not an ob- 
ject of manufacture, nor is it used for any purpose in the arts. 

2°. Oxides of Manganese.—Manganese combines with oxygen in 
several proportions. The first oxide is of a light green colour, the se- 
cond and third are black. The first is not known to occur in nature in 
an uncombined state, the two others exist abundantly in the common 
ores of manganese, and are extensively diffused, though in small quan- 
tity, through nearly all soils. They are all insoluble in water, but the 
two former dissolve in acids and form salts. Traces of these two oxides 
are also to be detected in the ash of nearly all plants. 

3°. Chloride, Carbonate, and Sulphate of Manganese.—If any of 
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these oxides be dissolved in muriatic acid a solution of chloride of man- 
ganese will be obtained. 

If this solution of chloride of manganese be mixed with one of car- 
bonate of soda, a white insoluble powder will fall, which is carbonate of 
maganese. 

If this carbonate be dissolved in diluted sulphuric acid, or if any of 
the oxides be digested in this acid, a solution of sulphate of manganese 
will be formed. 

The carbonate of manganese, and its oxides, will also dissolve, though 
more slowly, in acetic acid (vinegar), and in other organic acids which 
may be present in the soil, and will form with them other soluble 
salts. 

The compounds of manganese exist in plants in much less quantity 
than those of iron; but as its oxides, like those of iron, are insoluble in 
pure water, this metal most likely finds its way into the state of one 
or other of the soluble compounds above described. 


§2. Tabular view of the constitution of the compounds of the inorganic 
elements above described. 


Having in the preceding section briefly described the several compounds 
of the inorganic elements of plants, which either enter into the constitution 
of vegetable substances, or are supposed to minister to their growth—it 
may prove useful hereafter, if I exhibit at one view the composition per 
cent. of the various oxides, chlorides, sulphurets, and oxygen-acid salts,* 
to which I have had occasion to direct your attention. 

We shall have occasion to refer to the numbers in the following tables 
in our subsequent calculations. 


1°.— Oxygen per cent. in the oxides of the inorganic elements. 


Oxygen Oxygen 
per cent. per cent, 


Sulphurous Acid. . . 49°85 |Alumina . .°. | . 46°70 
Sulphime’ Acid ".". 5986. | Silleas is. = 5, a oe 
Phosphoric Acid . . . 56:04 |Prot-oxideofIron . . 22:77 
Potash . . - . «+ » 16°95 | Per-oxide.of Iron... =... 30-66 
Soda. . . . . « . 25°58 | Prot-oxide of Manganese 22:43 
Lime . . . . .«.. 28°09 | Sesqui-oxide do. |. = 30°25 


Magnesia . . . . . 38:71 | Per-oxide do... =. ~36'64 
2°.—Chlorine or Sulphur per cent. in the chlorides and sulphurets. 

Chlorine Sulpbar 

per cent. per cent, 

Chloride of Potassium . 47:47 |Sulphuret of Potassium 29-11 

Sodiam) 9%". G0-342""| = — Sodium. =n 40-65 

@alcrum' =. 63°38" {=== Calcium . . 44:00 

———— Magnesium . 73°65 |-———— Iron . . . 87-23 

First Chloride of Iron =. 56-62 | Bi-Sulphuret of Iron, 47-08 
Second do. do. - 66°19 (Iron Pyrites) . f . 


* So called because the acid they contain has oxygen for one of its constituents 
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3°.— Composition per cent. of the Saline combinations above described. 
————_—. 


Acid. Base. | Water. 


| a | 


Carbonate of Potash 3 : 5 31-91 | 68-09 ; 
Bi-carbonate of do. : ° - 48°38 | 51-62 
Sulphate of do. aes 45°93 | 54:07 
Nitrate of do. : . : 53°44 | 46°56 
Binoxalate of | do. (Salt of sorrel) . 52°64 | 34°29 | 13-07 
Pin of do. (Cream of tartar) 70-28 | 24-96 | 4-76 


Phosphate of do. 5 : : 43-06 | 56-94 
Bi-phosphate of do. pi - . 60-20 | 39-80 


fies of Soda (dry) .- : 41-42 | 58°58 
——_—__—_—_—_—- (crystallized) - 15°43 | 21-81 | 62-76 
| Bi- carbonate of Soda - - 58-58 | 41°42 
Nitrate of do. 2 ‘ A 63-40 | 36 60 
| Sulphate of do. (dry) : 56°18 | 43°82 
——_ do. (erystallized) .- | 24-85] 19°38 | 55-77 
| Phosphate of — do. : - - 53°30 | 46°70 


) Bi-phosphate of do. “ 4 F 69-54 | 30°46 
| 
| Carbonate of Lime . - 3 - 43°71 | 56°29 | 
Pk Seal of do. {Gypsum) . “ 4G*31 | 32-90 | 20-79 
—_—_—_—_—_——-. (burned) 4 : 58°47 | 41°53 
| Nitrate of Lime : - < 65:54 | 34°46 
Phosphate of Lime (Apatite) : : 45°52 | 54:48 
| Bi-phosphate of Lime = : = 71°48 | 26°52 
, Earth of Bones ‘ : ‘ - 48°45 | 51°55 


herieesnais of Magnesia. : . 51:69 | 48°31 


Bi-carbonate of do. . 68°15 | 31°85 
Jenna of do. (Epsom salts) : 32°40 | 16-70 | 50-90 
Nitrate of do. . . 72-38 | 27-62 
a of od do: . : t 63-33 | 36°67 
Sulphate of Alumina - - : 70-07 | 29-93 
| Silicate of Potash (soluble) 5 < 49-46 | 50°54 
Bi-silicate of do. (do.) . ‘ 66°19 | 38°81 
| Silicate of Soda (do.) : . 59°63 | 40°37 
|Shicae ofde. — (do.) .  «)  |'74-71| 25-29 
Silicate of Lime : - ° 61°85 | 38°15 


Magnesia . 5 : : 69-08 | 30°92 
Alumina . F 2 5 72°95 | 27°05 


Carbonate of Iron. ° 38°63 | 61°37 
Sulphate of do. (crystallized) . 31-03 Siam 


| Phosphate ale as i hse il , ; 67°57 i 


10 
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§ 3. On the relative proportions of the different inorganic compounds 
present in the ash of plants. 


Having thus made you acquainted with the general properties and 
composition of the several compound substances of which the ash of 
plants consists, we now advance to the consideration of the relative pro- 
portions in which these substances exist in the ash of the different kinds 
of plants usually cultivated for food. 

We have seen (p. 178) that different species of plants leave very dif- 
ferent quantities of ash when burned ;—the ash left by different species 
contains also the above earthy and saline substances in very unlike pro- 
portions. This fact has already been stated generally (p. 180); we are 
now to illustrate it more fully, and to show the important practical de- 
ductions to which it leads. 


1.—OF THE ASH OF WHEAT. 


According to the analysis of Sprengel, 1000 lbs. of wheat leave 11°77 
Ibs., and of wheat straw 35:18 lbs. of ash, consisting of— 


Grain of Straw of 

Wheat. Wheat. 
Potash Gees 2 eee er 2-25 albster DOr2Onibs: 
DOdaMes tun aé she Me LIM 2°40 0-29 
ime Se dner re vice te Mell ety Os96 2-40 
Wacnewa Vf ee aes Le AY! OOD 0°32 
Alumina, with a trace of Iron 0-26 0:90 
Silica Sea toe Be eet ag 4:00 28°70 
Sulphuric Acid, 3" 2. » 0-50 0°37 
Phosphoric Acid . . . . 0°40 1:70 
C@hiornnexs . ost so) (OO 0:30 


i 


11-77 lbs. 35°18 lbs. 
If the produce of a field be at the rate per acre of 25 bushels of 
wheat, each 60 l|bs., and if the straw* be equal to twice the weight of 
the grain, the quantity of each reaped per acre will be 


one ruchies mee e from a produce of 25 bushels; 


so that the quantity of the different inorganic compounds carried off from 
the soil of each acre will be, in the grain 4 more than is represented in 
the second column, and in the straw 3 times as much as is represented 
in the third column. 


1I1.—OF THE ASH OF BARLEY. 


A thousand pounds of the grain of barley (two-rowed, hordeum disti- 
chon,) leave 234 lbs., and of the ripe dry straw 52°42 lbs. of ash. This ash 
consists of— 


* The proportion of the straw to the seed in grain of all kinds is very variable. In wheat 
it is said to average twice the weight of the grain, but it is very often, even in heavy crops, 
3 to 824 times that weight. 
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Grain. Straw. 
Potash) 6: ws es oon a 2 Oe lbs: 1:80 lbs. 
Oud fe Oe oe eed 0:48 
Timeurst eee ise sc ten LeOO 5:54 
Magnesia. . - . . 1:80 0°76 
Plains weet MEP. O25 1:46 
Oxide of Iron. . . .a trace. 0:14 
Oxide of Manganese . — 0-20 
SiliGae teers | hdc beat vo elle BF 38°56 
Sulphuric Acid. . . 0:59 1:18 
Phosphoric Acid . . 2:10 1:60 
Chiowwe. so: siete Ol9 0:70 


23-49 Ibs. 52-42 Ibs. . 

If the produce of a crop of barley amount to 38 bushels of 63 lbs. each 

per acre, and the straw exceed the grain in weight one-sixth, the weight 
of each reaped per acre will be about 

2000 lbs. of grain, 

2300 lbs. of straw, 

and the inorganic matters carried off from the soil by each will be ob- 

tained by multiplying those contained in the second column (above) by 

2, and in the third by 25. 


; from a produce of 38 bushels ; 


IIlf.—-OF THE ASH OF OATS. 


In 1000 lbs. of the grain of the oat are contained about 26 lbs., and of 
the dry straw about 573 Ibs. of inorganic matter, consisting of— 


Grain. Straw. 
Ratasht ¢, cdecdascmewite, dep Oilba: 8-70 lbs. 
S703 fe aA a nates kei Ie) 0:02 
Mamet. os sa oe O86 Tios}2 
Baenesia’. 7. . & 5 0°67 0°22 
PRAT ok a” of a LA 0:06 
Oxide of Iron. . . . 0°40 0:02 
Oxide of Manganese . 0-00 0-02 
Silica “* 6 2S 19-76 45°88 
Sulohuric Acid . . . 035 0°79 
Phosphoric Acid. . . 0:70 0°12 
Chlorne PSR 2 0S 00°10 0-05 


25°80 lbs. 57°40 lbs. 


If anacre of land yield 50 bushels, each 54 Ibs., of oats, and two-thirds* 
more in weight of straw, there will be reaped per acre, 
Of grain 2250 lbs., 
Of stray 3750 lbs., 
and the weight of the inorganic matters carried off will be equal to 23 
times the quantities contained in the second column, and 34 times those 
contained in the third column. 


from a produce of 50 bushels; 


* Of all kinds of grain, the oat gives the most variable proportion of straw, that which is 
obtained at one time, and in one locality, being two or three times greater than that reaped 
in another. 
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1V.—OF THE ASH OF RYE. 


The weight of ash contained in'1000 lbs. of the grain of rye is 104 lbs., 
and of the straw 28 lbs. This ash consists of 


P ' Grain. aie 
otash Z *32 Ibs. 
a ¢ 2. 532Ibs. 098 
Jinyamvaw $4 ae Gv vouiliok Mal 9 hee 1°78 
Magnesia. ey 1°78 0-12 
Aluiaiaa fs peep OSS: 0-25 
Oxideropiron’.."\,.) «O42 ; 
Oxide of Manganese . 0°34 —_ 
Sikica On) Ns 22°97 
Sulphuric Acid . . . 0°23 1-70 
Phosphoric Acid . . 0°46 0°51 
Clitoritie® +> “= 2dr Se I QeG9 0-17 


10-40 lbs. 27°93 lbs. 


Rye is remarkable for the quantity of straw it yields, which is often 
from 3 to 4 times the weight of the grain. The return in grain reaches 
about the same average as that of wheat. From an acre of land yield- 
ing a crop of 25 bushels, each 54 Ibs., there would be reaped 

Of grain 1350 lbs.; of straw 4000 lbs. ; 
the whole weight of inorganic matters contained in which is equal to 4 
more than is represented in the second column, added to 4 times the weights 
contained in the third column. 


V.—OF THE ASH OF BEANS, PEAS, AND VETCHES. 


The ash of the seed and straw of the field bean, the field pea, and the 
common vetch (vicia sativa,) dried in the air, contains in 1000 lbs. the 
several inorganic compounds in the following proportions: 


FIELD BEAN. FIELD PEA. COMMON VETCH. 
Seed. Straw. Seed. Straw. Seed. Straw. 


Potash . « « «. 4:15:09 16°56 » 8:1000°2°36 01897 18-10 
Soda... §p-tace B:1G¢-00°90 . 7:39, ae 6°22 0°52 
Lime,..« # a « 1:66 96:24 — 0°5Bio QeBOHYIEGO 19°50 
Magnesia ». . . 1°58 2:09 1°36 3:42, 1°42 3°24 
Alumina, 26-6 . 0°34/-60°10", @20  °0°G0;1:22 "O45 
Oxide of Iron. . — 0:07 0-10 0:20 0:09 0°09 
Oxide of Manganese — 005 — 0:07 0:05 0:08 
SWUIC2 bro sine" aco cr o0 Me 410s 59:96... 200. Aaa 
Sulphuric Acid . 0°89 0°34 0:53 3:37 0°50 1°22 
Phosphoric Acid . 2°92 2:26 1:90. 240. .1:40 . 2:8 
Chlorine» *2. ‘. (0°41 0:80 0°38 0°04. 0:43 -, 0-8 


21°36. 31:21 24:64 49°71 22:90 51:01 
On comparing the numbers in these columns, we cannot fail to remark,— 
1°. How much potash there is in the straw of the bean and the vetch. 
2°. That while there is only a trace of soda in any of the three straws, 
there is a considerable quantity in all the seeds. 
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3°. How large a proportion of lime exists in the straw of the pea and 
of the vetch—compared with that of the bean—and how much larger the 
proportion is in all the straws than in any of the grains—and 

4°, That the quantity of silica in pea straw is double of what is con- 
tained in the straw of the vetch, and 4 times that of the bean straw. 

The produce of straw from these three varieties of pulse is very bulky, 
but varies in weight from 1 to 13 tons—or is on an average about 2300 
lbs. per acre. The produce of grain is still more variable. 


The bean gives from 16 to 40 bushels, of about 63 Ibs. 
The pea : - 12 to 84 ie se G4 Ths: 
The vetch . - 16 to 40 o Canine hase 


The mean return from beans is estimated by Schwertz [Anlettung 
Zum Praktischen Ackerbau, I1., p. 346,] at 25 bushels (1600 lbs.), from 
peas at 15 bushels (1000 lbs.), and from vetches at 17 bushels (1100 
lbs.) per acre. 

The quantity of the several inorganic matters, therefore, carried off 
from an acre in the straw of these crops, will be about 21 times the 
weights given in the table—and in the grains, where the crop is near 
the above average, 13 times the weights in the tables for beans and for 
peas, and for vetches very nearly the actual weights above given. 


VI.—OF THE ASH OF THE TURNIP, CARROT, PARSNIP, AND POTATO. 


These four roots, as they are carried from the field, contain respective 
ly in ten thousand pounds— 


TURNIP. CARROT. PARSNIP. POTATO. 
alo TF Cc 
Roots. Leaves. Roots. Tops. 


Potash gts, 93°86 32°3 35°33 20°79 40°28 81°9 
Soda ogee? SP 4 10°48 22-2 9-22 7:02 23°34 0:9 
Emme’ SO) 7-52 62-0 6°57 4:68 3°31 129-7 
Magnesia ee ar 2°54 5:9 3°84 2°70 3°24 17-0 
Alumina’; 3°". 0:36 0:3 0°39 0:24 0:50 0:4 
Oxide of Iron. . OBD Gey * O3Bs"O'0sr se (O02 
Oxide of Manganese — — 06 — _ 
Siliea suse. Ses 3°88 12:8 1 Woes 1°62 0°84 49-4 
Sulphuric Acid . 8°01 25:2 2°70 1-92 5:40 4:2 
Phosphoric Acid . 367) 9-6 Ske 00” A° OTN 19°7 
Chlorine 7 2:39 8°7 0:70 1°78 1-60 5:0 


Semesters tin I 


63°03 180°9 66:19 41:80 82°83 308-4 


These roots, as already stated (note, p. 178), contain very much water, 
so that, in a dry state, the proportion of inorganic matter present in them 
is very much greater than is represented by the above numbers. I 
have, however, given the quantities contained in the crop as it is carried 
from the field, as alone likely to be of practical utility. 

The crops of these several roots vary very much in different localities, 
being in some places twice and even thrice as much as in others—every 
nine tons, however, which are carried off the ground, contain about 
twice the weight of saline and earthy matters indicated by the numbers 
in the table. 
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VIl.—OF THE ASH OF THE GRASSES AND CLOVERS. 


The following table might have been much enlarged. I have 
thought it necessary, however, to introduce in this place only those 
species of grass and clover which are in most extensive use. I have 
also calculated the weights given below, for these plants in the state of 
hay only, as the succulency of the grasses,—that is, the quantity of wa- 
ter contained in the green crop,—varies so much that no correct esti- 
mate could be made of the quantity of inorganic matter present in hay 
or grass, from a knowledge of its weight in the green state only : 


Rye Grass Red White 
Hay. Clover. Clover. Lucerne.  Sainfoin. 
Potashi wpa ts 8°81 19-95 31:05 13°40 20°57 


Soda’, Sheers: 3°94 5°29 79 6°15 4:37 


ime wor, WU Te ee 7°34 27-80 23°48 48-51 21:95 
Magnesia . . . 0-90 3°39 3°05 3°48 2°88 
Alumimaic.. 23: 3 0°31 0-14 1-90 0-30 0-66 
Oxide of Iron . . -— -- 0°63 0°30 — 
Oxide of Manganese — -- — — _ 
Silica aya: 27°72 3°61 14°73 3°30 3°00 
Sulphuric acid. . 3°53 4:47 3°53 4-04 3°41 
Phosphoric acid 0-25 6-57 5:05 =: 13-07 9°16 
Chiorine. 2) <5 < 0:06 3°62 211 3:18 1°57 ? 


52:86 74:78 91°32 95°53 69°57 


The above quantities are contained in a thousand pounds of the dry 
hay of each plant. 

On comparing the numbers opposite to potash, lime, magnesia, alu- 
mina, silica, and phosphoric acid, we see very striking differences in 
the quantities of these substances contained in equal weights of the 
above different kinds of hay. These differences lead to very important 
practical inferences in reference,— 

1°. To the kind of soil in which each will grow most luxuriantly. 

2°. 'To the artificial means by which the growth of each may be pro- 
moted—in so far as this growth depends upon the supply of inorganic 
food to the growing plant. 

3°. To the feeding properties of each, and to the kind of stock they 
are severally most fitted to nourish. 

To these and other important practical deductions suggested by the 
above tabulated analyses—as well as by those previously given—of the 
inorganic matters contained in the several varieties of vegetable produc- 
tions usually raised for food, we shall hereafter have frequent occasion 
to revert. In the mean time, a preliminary inquiry demands our at- 
tention, which we shall proceed to consider in the following section. 


§4. To what extent do the crops most usually cultivated, exhaust the soil 
of inorganic vegetable food ? 


A bare inspection of the tabular results exhibited in the preceding 
section gives but a faint idea of the extent to which the inorganic ele- 
mentary bodies are necessarily withdrawn from the soil in the ordinary 
course of cropping. 
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I. Let us consider the effect upon the soil of a still too common three 
years’ course of cropping—fallow, wheat, oats.* If the produce of such 
a course be 25 bushels of wheat and 50 bushels of oats, there would be 
carried from the soil every three years in pounds— 


WHEAT. OATS. 

-—_—a ——-*~-——__ Total. 

Grain. Straw. Grain. Straw. 
Potash 42a .38°3 0-6 3°75 32°7 40°35 
WQUH) “cL ke ees | 00 0:9 3°3 _ eft) 
Lime abe “ayes! ond ns 2°5 57 16-9 
Magnesia. . . - 1°5 1:0 LS 0-8 50 
Oxide of Tron . . — — 1:0 —_— 1:0 
STUTCC eod rte MCPS) am ot 36:0 50:0 172:°0 314:0 
Sulphuric Acid... 0°75 1:0 0-9 3°0 5°65 
Phosphoric Acid . 0°6 5:0 1-43 0°5 7°53 
398°13 


The gross weight carried off in these crops is large—amounting to 
about 400 lbs. It will vary, however, with the kind of wheat and oats 
which are grown, and may often be greater than this.—[See the follow- 
ing section (§5) of the present Lecture.] The greatest portion of the 
matter carried off, however—upwards of three-fourths of the whole— 
consists of silica; the rest of the materials are equal to 

60 lbs. of dry pearl-ash, 
36 lbs. of the common soda of the shops, 
28 lbs. of bone-dust, 
12 lbs. of gypsum, 
5 lbs. of quick-lime, 
5 lbs. of magnesia,—or for the last three may be substi- 
tuted 33 lbs. of common Epsom salts and 17 lbs. of quick-lime. 

The form in which the silica may be restored to the soil in a state in 
which the plant can absorb it, will be considered hereafter. 

Though large as a whole, the weight of each of the ingredients, taken 
singly, is not great; and yet it is not difficult to understand that if a 
constant drain be kept up on the soil year after year, and the practical 
farming adopted is of such a kind as not to restore to the soil a due pro- 
portion of each of the substances carried off—the time must come when, 
under ordinary circumstances, the soil will no longer be able to supply 
the demands of a healthy and luxuriant vegetation. 

II. Let us next consider the effect of a four-years’ course system in 
withdrawing these inorganic substances from the soil. And for this 
purpose let us adopt one suited tothe lighter soils—as to that of Norfolk— 
turnips, barley, clover and rye grass, wheat. 

Let the crop of turnips amount to 25 tons of roots per acre, of barley to 
38 bushels, of clover and rye grass each to one ton of hay, and of wheat 
as before to 25 bushels. Then we have from the entire rotation in 
pounds— 


* Common, among other counties, in that of Durham. There are cases, however, in 
which this three years’ course may not be indefensible, and it never could be compared with 
some of the so-called improved rotations in East Lothian in the time of Lord Kames; as for 
instance, fallow, barley, clover, manure on the clover stubble, then wheat, barley, oats.—See 
The Gentleman Farmer (1802), p. 147. 
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” BARLEY. WHEAT. 
‘Yurnip ——--~——_ Red Rye ——--~——_ Total. 
Roots. Grain. Straw. Clover. Grass. Grain. Straw. 


Potash’... . 145°5 5645 45:0 28-5) 3-3. 0-6 Baap 


Odd sete ees 643° 5-8 Fl TS) 8-0 So). Oona 
Games je*. 84 45R° 21 129-650 “les [5 72 tao 
Magnegia 2 a5)" 36 "Te 7-5 2-015 a2 
Alumina «02. «292) 05003-4703 08” 0-4 27 10-3 
Siligatt} 02) Ya’. 23°6 23:6 90:0 8:0 62:0 6:0 86:0 299-2 
Sulphuric Acid. 49-0 1:2 28 10:0 80 08 1:0 72:8 
Phosphoric do. . 22-4 4:2 3:7 150 06 O06 5:0 51°5 
Chlorine .... 145 04 15 80 O1 02 O9 256 

970-9* 


On comparing the numbers in the last column—containing the total 
quantity of matter abstracted—with those contained in the three years’ 
rotation (p. 221), we see how very much larger an addition must be 
made to the land every fourth year, if we are to restore to it any thing 
like an equivalent for the inorganic matter carried off. 

{t will be especially observed that the quantity of potash, and of soda, 
and indeed of nearly every ingredient except the silica, carried off in 
this course of cropping, is much greater, even in proportion to the time 
it occupies, than in the three-year shift—and that nine-tenths of the pot- 
ash and soda withdrawn from the soil are contained in the green crops- 

To place the relative effect of the green and corn crops upon the soil 
in a clearer light, I shall exhibit the several quantities of common and 
artificial salts and manures which it would be necessary to add to each 
acre at the beginning of this rotation, in order to supply the various inor- 
ganic substances about to be taken from the land in the next four years’ 
cropping. These quantities are as follow, in pounds :— 


For the For the 
Total. Green Crops. Corn Crops. 

Dry. Pearl=ash:nied bevels 36: 19295 316 9 
Crystallized Carbonate of Soda} 333 290 43 
Common Salt . .... 43 38 5 
Gypauai han owe: was — 30 — 
Quiékslime o/s Hieerelesy OF M95 150 100 7 
Epsom Salts \). 5:4 it aise oi e200 150 50 
Atari) indies wee! bores oney ewe, 83 27 56 
Bone-dust)}.. sc etbieepyer a 210 150 60 


With the exception of the silica, the substances above-named, in the 
quantities given, will replace all the inorganic matters contained in the 
whole crop reared, the turnip tops alone not included. A single glance 
at the second and third columns shows how much greater a proportion 
of all these substances is necessary to return what the green crops have 
taken from the land. 

That the fertility of the soil depends in some considerable degree on 


* This is exclusive of the turnip tops, which I have omitted, from not knowing what pro- 
portion their weight in the green state generally bears to that of the roots. 


t Or for every 100 lbs. of the common carbonate of soda may be substituted 40 lbs. of 
common salt or 60 Ibs. of dry nitrate of soda. 
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the quantity of the alkaline and other compounds present in it, there can 
be no question.—since not only do we find extraordinary natural luxuri- 
ance of vegetation where some of these happen to be present in the soil, 
but we can often greatly increase the apparent productiveness of our 
fields by spreading such substances over them in sufficient quantity. 

How comes it, then, that the green crops which carry off all these 
substances in the greatest quantity by very much, should yet least injure 
the land,—nay, should rather renew and prepare it again for the growth 
of crops of corn? 

This is one of the most interesting practical questions which can pre- 
sent itself to us in the existing state of theoretical agriculture ;—but it 
would carry us away from our more immediate object, were we prema- 
turely to enter upon the discussion of it in this place. It will hereafter 
demand our especial attention, when we shall have become familiar 
with the nature and origin of soils. 

I may be permitted, however, to draw your attention here for a mo- 


ment—as neither out of place, nor uninteresting, for many reasons,—to | 


an opinion expressed by Liebig on the question why wheat prefers stiff 
and. clayey soils. ‘** Again,” he says, ‘‘how does it happen that wheat. 


does not flourish in a sandy soil, and that a calcareous soil is also un- 


suitable for its growth, unless it be mixed with a considerable quaniiiy ) 


of clay? It is because these soils do not contain alkalies in sufficient 
quantity, the growth of wheat being arrested by this circumstance, even 
should all other substances be presented in abundance.”—[ Organic 
Chemistry. applicd to Agriculture, p. 151.] 

Without dwelling on the fact that excellent crops of wheat are reaped 
in some parts of our island from sandy and caleareous* soils—what kind 
of crops, we may ask, can be reared with success on the lighter soils to 
which wheat seems least adapted? The turnip rejoices in light land, 
and the potato not unfrequently attains the greatest perfection on a sandy 
soil. Yet ten tons of potato roots, or twenty of turnip bulbs,—exclu- 
sive of the tops—contain nearly ten times as much of the two alkalies, 
potash and soda, as fifty bushels of wheat with its straw included.+ 
What ground is there, then, for the explanation given by Liebig—of the 
peculiar qualities of the so-called wheat lands? We might with far 
greater show of reason assume the converse of his proposition, and infer 
that wheat does not prefer sandy soils, because they are too rich in alkali! 
It is singular, and would almost seem to strengthen this converse propo- 
sition, that beans, peas, and vetches, which are so often resorted to as a 
good preparative for wheat, contain also a much larger quantity of alkali 
than the latter grain. Thus the grain and straw together of twenty-six 
bushels of beans contain 71 lbs., of twenty bushels of peas 26 Ibs., and 
of twenty bushels of vetches 74 lbs. of potash and soda taken together. 

As I have already stated, however, we are not yet prepared for dis- 
cussing this very curious and interesting question. 


* On the thin chalk soils of the Yorkshire Wolds a crop of wheat is taken every four or 
five years, yielding an average of 24 or 25bushels. The rotation is turnips, barley, clover or 
beans, wheat. 

t According to the analyses of Sprengel given in the previous pages, ten tons of potatoes 
contain 143 Ibs. of alkalies, twenty tons of turnips 154 lbs., and fifty bushels of wheat with 
its straw only 16 Ibs. 
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§5. Of the alleged constancy of the inorganic constituents of plants, in 
kind and quantity. 


In the preceding lecture (ix., p. 177), it was stated that the ash of the 
same plant, if ripe and healthy, is nearly the sate in kind and quality 
in whatever circumstances (if favourable) of soil and climate it may 
grow. This general observation, however, is consistent with certain 
differences in the above respect, which, are not without interest in their 
bearing upon agriculture both in theory and practice. Thus, 

1°. The different parts of the same plant contain quantities of inor- 
ganic matter, not only different in their gross weights, but unlike also in 
‘he relative proportions of the several substances of which the entire ash 
consists. Both of these points have been previously illustrated (pp. 179, 
180), and they are placed in the clearest light by the tabulated analyses 
introduced into the preceding section. 

2°. The quantity and relative proportions of the different inorganic 
substances also vary with the season of the year at which the examina- 
tion is made. Thus, according to De Saussure, plants of the same wheat 
which a month before flowering left 7-9 per cent. of ash, left when in 
flower only 5:4, and when ripe 3:3°per cent. The quantity of potash 
in the potato leaf diminishes very much as the plant approaches to ma- 
turity (Mollerat)—and the same has been observed in many saltworts 
and other sea-side plants. In the young plant of the salsola clavifolia 
there is much potash and nosoda, but as its age increases the latter alkali 
appears, and gradually takes the place of the former.* 

It is probably true, therefore, of all plants—that the ash both in kind 
and quantity is affected by the age at which the plant has arrived. It 
would appear that the unlike chemical changes which take place in the 
interior of the plant, at the successive periods of its growth, require the 
presence of different chemical agents—or that the production of new 
parts demands the co-operation of new substances. 

3°. Similar differences are sometimes observed also when the same 
plant is grown in different soils. Thus it is known that the straw of the 
oat grown upon boggy land is very different in colour and lustre, from 
that yielded by the same variety of seed, when grown upon sound and 
solid soul. I lately examined two such portions of straw from the same 
seed—grown on the same farm on the estate of Dunglass, the one on 
boggy, the other on sound stiff land, when the straw from the 


Sound land left 6:64 per cent. of ash, and from the 
“Boggy land ** 6-2. per cent. of ash; 


while the szlica contained in the ash from the 


Sound land amounted to 3-42 per cent., and from the 
Boggy land =‘ to 1:90 per cent. of the weight of the straw. 


A remarkable difference, therefore, existed in the relative proportions, 


* Meyen, Jahresbericht, 1839, p. 126. In regard to these salt-loving plants, which generally 
abound in soda, a curious observation was long ago made by Cadet. He states that if a plant 
of common salt-wort (salsola sali) be transplanted into an inland district—and seed from this 
plant be afterwards sown, the second race of plants will contain much potash, but scarcely a 
trace of soda.—Gmelin’s Handbuch der Chemie, II. p. 1492. Potash may thus take the 
place of soda for a time, but removed from its native Aabitat, the plant would in a few gene- 
ralions die out and disappear. 
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at least of the silica, in these two varieties of straw, and this difference 
can be attributed only to the unlike nature of the soils in which the two 
samples were grown. But on boggy soils the oat plant is unhealthy, 
and in general neither fills its ear, nor ripens a perfect seed ;—the dif- 
ference in the ash in this case, therefore, cannot be considered as entirely 
opposed to the general proposition, that in a healthy state, plants at 
pi at period of their growth always yield nearly the same weight 
of ash. 

But that different experimenters have obtained very unlike quantities 
of ash, from the most common cultivated plants, apparently in a state 
of health, when grown under different circumstances of soil and climate, 
—does appear to contradict this general proposition. Thus 100 lbs. of 
ripe wheat straw leave of ash 

4-3 lbs. De Saussure ; 

4°4 lbs. Berthier; 

3°5 lbs. Sprengel ; 

15:5 lbs. Sir H. Davy ; 

while the straw of one variety of red wheat grown on a clay-loam, at 
Aykley Heads, near Durham, gave me 6°6 per cent., and that of two 
other varieties of red wheat, grown near Dalton, in Ravensworth Dale, 
Yorkshire, a country abounding in limestone—and on the same field— 
left respectively 12°15 and 16-5 per cent. of ash. The difference of 4 
per cent. between these last two results, shows that the quantity of ash 
depends much upon the variety of grain examined—though to what ex- 
tent all the great differences obtained, as above shown, are to be ascribed 
to this cause alone, it is impossible to say, until numerous other experi- 
ments shall have been instituted. 

One thing, however, is manifest, that the quantities of inorganic mat- 
ter necessarily contained in a crop of wheat, given in a previous page 
(p- 216) on the authority of Sprengel, must be considered as probably 
far below the mean proportion, since some varieties yield, in the form 
of ash, about six times as much as is there stated. 

Every one knows how uncertain general conclusions are,—or expla- 
nations of natural phenomena,—when deduced from single observations 
only, and of this truth the above results present us with a useful illus- 
tration. Thus Liebig, in his Organic Chemistry applied to Agriculture 
p- 152, to which we have had frequent occasion to refer—explains 
why land will refuse to grow wheat, and may yet produce good crops 
of oats or barley in the following manner :—‘‘ One hundred parts of the 
stalks of wheat yield 15°5 parts of ashes (H. Davy): the same quantity 
of the dry stalks of barley 8°54 (Schrader), and one hundred parts of the 
stalks of oats only 4°42. The ashes of all are of the same composition. 
We have in these facts a clear proof of what plants require for their 
growth. Upon the same field which will yield only one harvest of 
wheat, two crops of barley and three of oats may be raised.” 

In this passage it has been assumed that the ash of wheat and other 
straws is constant in quantity, that wheat straw always contains much 
more than that of oats or barley, and that the ash is in each case of the 
same composition (see above, pp. 216 to 217),—all of which premises 
being incorrect, the conclusion must of course be rejected. 

But the straw of barley and oats also, according to different authorities, 
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leaves very unlike quantities of ash. Thus, according to Sprengel and 
Schrader, 100 lbs. of 
Sprengel. Schrader. 


Oat straw leave « 5:74 \bs. 4-42 lbs. 6:6 J. 
Barley straw . . 5°24 lbs. 8:54 \bs. 


We cannot help conceding, therefore, generally, in regard to the cereal 
grasses, that different vARIETIES, at least, of the same plant, may contain 
inorganic matter in different proportions. ' 

But certain analyses which have been made seem to demand a still 
further concession. Thus De Saussure found that the ash left by the 
same tree or shrub—by the fir or the juniper for example—differed both 
in kind and in quantity, according as it grew upon a granitic or calca- 
reous soil. Berthier also found the ash of a piece of Norway pine (pi- 
nus abies) to differ very much from that of the wood of the same pine 
grown in France. From these and a few other observations, the con- 
clusion has been very generally drawn by vegetable physiclogists, that 
the ash of plants in general is determined both in kind and quantity by 
the soil in which they grow. 

This is very likely to be true to a certain extent, as we have seen in 
the straw of the bog oat above adverted to, but a sufficient number of 
accurate comparative analyses of the ash of cultivated plants* has not 
yet been published, to enable us to determine the precise influence of the 
soil in all cases. It is impossible, however, that the prevailing charac- 
ter of the soil can have more thana general influence on the character of 
the ash of any living vegetable—so long as the plant retains a healthy 
state. The experiments of De Saussure do not appear to have been 
made with sufficient care,t while the only comparative experiment of 
Berthier is open to objections of another kind. 

I have said that the quantity and kind of the ash is likely to be affected 
by the character of the soil to acertain extent. The following considera- 
tions seem to embody nearly all the sources of such variation, of which 
we can at present speak with any degree of certainty :— 

1°. Plants at different periods of their growth require for the produc- 
tion of their several parts, and therefore appropriate from the soil, differ- 
ent inorganic substances ;t hence the ash will vary with the age of the 
plant. 


* Five samples of the same variety of wheat (Hunter’s wheat) grown on different soils in 
the neighbourhood of Haddington, gave me very nearly the same proportions of ash. Thus 
the sample grown ona 

Per cent. 
1°. Deep reddish clay loam, sudsoil gravel, left 1-776 


go" Red clay, omeravel,. .¢ a. ,.agb)- Ace weleclt78z 
3°. Stiff clay on retentive subsoil . . . . . 1903 
4°. Light clay on rather retentive subsoil . . 1-917 
5°, Light turnip land. 1-824 


These results approach very near each other. The differences are perhaps too slight to 
justify us in concluding that the ash is greatest in quantity when the subsoil is most reten- 
tive. 


t The accuracy of De Saussure’s analyses is rendered very doubtful by the fact that, in 
the ash of all the different trees and shrubs he examined, he found a large quantity, in that 
of the juniper as much as 43 per cent. of alwmina, and in that of the pine from 12 to 16 per 
cent., while Berthier, whose skill is undisputed, found no alumina in the ash of any of the 
numerous trees on which his experiments were made. 


+ This fact indicates an exceedingly interesting field of chemical research in connection 
with practical agriculture. What substance will bring this or that seed into early leaf?— 
what will hasten its growth in middle life?—what will bring it to early maturity? The wheat 
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2°. If the substances necessary for the perfection of one or more parts 
of a plant abound in the soil, its chief developement will take the direc- 
tion of those parts. Thus one plant will run to leaf or straw, another to 
flower and seed. Thus also in the grain of one crop of wheat more glu- 
ten is produced than in that of anotner, and as this gluten appears to 
contain the phosphates of lime and magnesia, as essential constituents, 
the ash will necessarily vary with the gluten of the seed. 

3°. Some substances appear to enter into the circulation of plants not 
so muchas actual and necessary constituents of the parts of the vegetable, 
as to serve as media or agents by which other compounds, both organic 
and inorganic, may be conveyed to the plant. Thus common salt ap- 
pears to enter many plants for the purpose of supplying soda, its chlo- 
rine being discharged by the leaf. Silica enters the plant chiefly in the 
form of silicate of potash or soda. When it reaches its proper destina- 
tion—the stalks of the grasses for instance—this silicate is decomposed 
chiefly by the carbonic acid, which is always present in the pores of the 
green stem, the silica is deposited and the alkali proceeds downwards 
with the sap as a soluble carbonate, or in combination with some other 
organic acid. Thus the same portion of alkali may return many times 
into the circulation with this or with other materials which the parts of 
the plant require, and every new burden it deposits will necessarily 
cause a new variation inthe relative proportions of the several inorganic 
constituents which are afterwards detected in the ash. 

4°. As the water which enters by the roots always brings with it some 
soluble substances, the quantity of these conveyed into the plant will be 
materially affected by the amount of evaporation from the leaves; and 
hence, after a long drought, the leaves of the turnip, the potato, and 
other plants, will yield a larger proportion of ash than will be obtained 
from them in moist and rainy weather. 

5°. In the mineral kingdom it is found that one substance may not 
unfrequently take the place, and perform the functions, of another. Thus 
potash and soda replace each other in certain minerals, as do also lime 
and magnesia and the phosphoric and arsenic acids. It has been sup- 
posed that a similar interchange may take place in the vegetable king- 
dom—that when the plant cannot get potash it will take soda—that 
when it can get neither, it will appropriate lime,—and soon. Sucha 
conjectural interchange may possibly take place in a small degree, for a 
limited time, and in certain plants, without materially affecting their ap- 
parent health—but it is not by trusting to such resources of nature that 
a luxuriant vegetation or plentiful crops will ever be reared by the prac- 
tical agriculturist. 

Admitting, however, all these sources of variation in the kind and 
quantity of the ash obtained from different plants, the sound practical 
conclusions from all we know on the subject at present seem to be— 

1°. That certain inorganic substances, in certain proportions, are ne- 
cessary to all plants usually cultivated for food—if they are to be reared 
or maintained in a healthy state. 


stalk and the potato require more potash while in rapid growth. This growth may be con- 
tinued and prolonged by the presence of ammonia; while lime is said to bring it sooner to 
oe and to give an earlier harvest. How valuable would be the multiplication of such 
acts! 


228 BASIS OF ENLIGHTENED PRACTICAL AGRICULTURE. 


2°. ‘That we must seek for these necessary substances in the inorganic 
constituents which are present in the richest crops of every kind—in the 
produce of the most fertile soils.* 

3°. That where these necessary substances are not present in any 
soil, we may infer that it will prove unfit to yield a luxuriant crop of a 
given kind; or, on the other hand, where these substances are not to be 
detected in the ash of the plant, that the fault of the crop, if any, may be 
ascribed to their partial or total absence from the soil on which it grew. 

These conclusions form the basis of an enlightened and scientific prac- 
tical agriculture. This basis, however, requires to be strengthened and 
enlarged by further experimental investigations. 


" “T have examined,’’ says Sprengel, “the finest seed-corns from many localities, and lL 
have invariably found the quantities not only of the organic substances—starch, sugar, &c.— 
but also of the inorganic compounds in all the celebrated seed-corns, so perfectly alike, that 
ong would have thought they had all grown on one and the same soil.””—Lehre vom Dinger, 


p. 


LECTURE XI. 


Nature and origin of soils —Organic matter in the soil.—General constitution of the earthy 
part of the soil_—Classification of soils from their chemical constituents.—Method of ap- 
proximate analysis for the purposes of classification.—General origin of soils and subsoils. 
—Structure of the earth’s crust.—Stratitied and unstratified rocks.—Crumbling or degra- 
dation of rocks.—Diversity of soils produced.—Superficial accumulations.—Tabular view 
cy the character and agricultural capabilities of the soils of the different parts of Great 

ritain. 


Sucu are the inorganic compounds which minister to the growth of 
plants, and such the proportions in which they severally occur in the 
living vegetable. Whence are these inorganic constituents all derived ? 

We have seen that the atmosphere, when pure, contains no inorganic 
matter, and that if dust, spray, or vapours occasionally float in the air, 
and are carried by the winds to great distances—yet that they are 
only accidentally present, and cannot be regarded as a source from 
which the general vegetation of the globe derives a constant supply of 
those mineral substances which are necessary to its healthy existence. 

The soil on which they grow is the only natural source from which 
their inorganic food can be derived. We are led, therefore, as the next 
subject of our study, to inquire into the nature and origin of soils.* 


§ 1. Of the organic matter in the soul. 


Soils differ much as regards their immediate origin, their physical 
properties, their chemical constitution, and their agricultural capabili- 
ties; yet all soils which in their existing state are capable of bearing a 
profitable crop, possess one common character—they all contain organic 
matter in a greater or a less proportion. 

This organic matter consists in part of decayed animal, but chiefly of 
decayed vegetable substances, sometimes in brown or black fibrous por- 
tions, exhibiting still, on a careful examination, something of the origi- 
nal structure of the organized substances from which they have been de- 
rived—sometimes forming only a fine brown powder intimately inter- 
mixed with the mineral matters of the soil—sometimes scarcely percep- 
tible in either of those forms, and existing only in the state of organic 
compounds more or less void of colour and at times entirely soluble in 
water. In soils which appear to consist only of pure sand, or clay, or 
chalk, organic matter in this latter form may often be detected in con- 
siderable quantity. 

The proportion of organic matter in soils which are naturally produc- 
tive of any useful crops, varies from one-half to 70 per cent. of their 
whole weight. With less than the former proportion they will scarcely 
support vegetation—with more than the latter, they require much ad- 
mixture before they can be brought into profitable cultivation. It is 


* On the subject of this and the following lecture, the reader will consult with advantage 
an excellent little work, “ On the nature and property of soils,” by Mr. John Morton. 
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ouly in boggy and peaty soils that the latter large proportion is ever 
found—in the best soils the organic matter does not average five per cent., 
and rarely exceeds ten or twelve. Oats and rye will grow upon land 
containing only one or one and a half per cent.—barley where two or 
three per cent. are present—but good wheat soils contain in general from 
4 to 8 per cent., and, if very stiff and clayey, from 10 to 12 per cent. 
may occasionally be detected. 

Though, however, a certain proportion of organic matter is always 
found in a soil distinguished for its fertility, yet the presence of such sub- 
stances is not alone sufficient to impart fertility to the land. I do not 
allude merely to such as, like peaty soils, contain a very large excess of 
vegetable matter, but to such also as contain only an average proportion. 
Thus of two soils in the same neighbourhood—the one contained 4-05 
per cent. of organic matter, and was very fruitful—the other 4:19 per 
cent., and was almost barren. This factis consistent with what has been 
stated in the two preceding lectures, in regard to the influence exercised 
by the dead inorganic matter of the soil, on the general health and luxu- 
riance of vegetation. 


§2. General constitution of the earthy part of the soil. 


From what is above stated, it appears that, on a general average, the 
earthy part of the soil in our climate does not constitute less than 96 per 
cent. of its whole weight, when free from water. This earthy part con- 
sists principally of three ingredients :— 

1°. Of Stlica, siliceous sand, or siliceous gravel—of various degrees 
of fineness, from that of an impalpable powder as it occurs in clay soils, 
to the large and more or less rounded sandstones of the gravel beds. 

2°. Alumina—generally in the form of clay, but occasionally occur- 
ring in shaly or slaty masses more or less hard, intermingled with the 
soil. 

3°. Lame, or carbonate of lime—in the form of chalk, or of fragments 
more or less large of the various limestones that are met with near the 
surface in different countries. Where cultivation prevails it often hap- 
pens that all the lime which the soil contains has been added to it for 
agricultural purposes—in the form of quick-lime, of chalk, of shell-sand, 
or of one or other of the numerous varieties of marl which different dis- 
tricts are known to produce. 

It is rare that a superficial covering is anywhere met with on the 
surface of the earth, which consists solely of any one of these three sub- 
stances—a soil, however, is called sandy in which the siliceous sand 
greatly predominates, and calcareous, where, as in some of our chalk 
and limestone districts, carbonate of lime is present in considerable abun- 
dance. Whenalumina forms a large proportion of the soil, it constitutes 
a clay of greater or less tenacity. 

The term clay, however, or pure clay, is never used by writers on 
agriculture to denote a soil consisting of alumina only, for none such ever 
occurs in nature. The pure porcelain clays are the richest in alumina, 
but even when free from water they contain only from 42 to 48 per cent. 
of this earth, with from 52 to 58 of silica. These occur, however, only 
in isolated patches, and never alone form the soil of any considerable 
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district. The strongest clay soils which are anywhere in cultivation 
rarely contain more than 35 per cent. of alumina.* 

Soils in general consist in great part of the three substances above 
named in astate of mechanical mixture. his is always the case with 
the siliceous sand and with the carbonate of lime—but in the clays the 
silica and the alumina are, for the most part, in a state of chemical com- 
bination. Thus, if a portion of a stiff clay soil be kneaded or boiled 
with repeated portions of water till its coherence is entirely destroyed, 
and if the water, with the finer parts which float in it, be then poured 
into a second vessel, the whole of the soil will be separated intotwo por- 
tions—a fine impalpable powder consisting chiefly of clay, poured off 
with the water, and a quantity of siliceous or other sand in particles of 
various sizes, which will remain in the first vessel. This sand was 
only mechanically mixed with the soil. The fine clay retains still some 
mechanical admixtures, but consists chiefly of silica and alumina cuem- 
ically combined. 

Of the porcelain clays above alluded to, there are several varieties, 
three of which, containing the largest proportion of alumina, coswist res- 
pectively of— 


SGA mes, Ace 46:92 46-0 
Alumina . 39:23 34.81 40:2 
Water . . 13°74 18:27 13°8 


100:00 100-00 100-0 

But, as already stated, these clays rarely form a soil—the stiffest 
clays treated by the agriculturist containing a further portion of silica, 
some of which is mechanically mixed, and can be partially separated by 
mechanical means. 

The strongest agricultural clays (pipe-clays) of which trustworthy 
analyses have yet been published, consist, in the dry state, of 56 to 62 
of silica, from 36 to 40 of alumina, 3 or 4 of oxide of iron, and a trace of 
lime. Clays of this composition are distinguished by the foreign agri- 
cultural writers as pure clays. They are all probably made upof some 
of the varieties of porcelain clay, more or less intimately mixed with 
siliceous and ochrey particles—in so minute a state of division that they 
cannot be separated by the method of decantation above described. 

These clays are adopted by the German and French writers as a 
standard to which they can liken clay soils in general, and by compari- 
son with which they are enabled distinctly to classify and name them. 
As the use of the term clay in this sense has been introduced into Eng- 


* In an interesting paper on subsoil ploughing by Mr. H. S. Thompson, in the report of 
the Yorkshire Agricultural Society for 1837, p. 47, it is stated that the lias clays, which form 
the subsoil in certain parts of Yorkshire, contain sometimes, im the dry state, as much as 54 
per cent. of alumina (?) 

+ When heated to redness the whole of the water is driven off from these clays, and they 
then consist respectively of— 


Rilicawt: ts) GAs oF inbhd 57-4 53-4 
SMUININIA Gs * <o wsbigh Vel hae ADLO 42:6 466 
sae 100°0 1000 1000 


which numbers are in accordance with those given at the foot of the preceding page. 
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lish agricultural books,* and as it is really desirable to possess a word tu 
which the above meaning can be attached, I shall venture in future to 
employ it always strictly in this agricultural sense. 

By alumina, then, I shall in all cases express the pure earth of alum, 
which exists in clays, and to which they owe their tenacity—by CLay, @ 
finely divided chemical compound, consisting very nearly of 60 of silica 
and 40 of alumina, with a little oxide of iron, oad. from which no siliceous 
or sandy matter can be separated mechanically or by decantation. 

Of this clay the earthy part of all known soils is made up by mere 
mechanical admixture with the other earthy constituents (sand and 
lime), in variable proportions. On a knowledge of these proportions the 
following general classification and nomenclature are founded. 


§ 3. Of the classification of soils from their chemical constituents. 

Upon the principles above described soils may be classified as fol- 
lows :— 

1°. Pure clay (pipe-clay) consisting of about 60 of silica and 40 of 
alumina and oxide of iron, for the most part chemically combined. It 
allows no siliceous sand to subside when diffused through water, and 
rarely forms any extent of soil. 

2°. Strongest clay soil (tile-clay, unctuous clay) consists of pure clay 
mixed with 5 to 15 per cent. of a siliceous sand, which can be separated 
from it by boiling and decantation. 

3°. Clay loam differs from a clay soil, in allowing from 15 to 30 per 
cent. of fine sand to be separated from it by washing, as above described. 
By this admixture of sand, its patts are mechanically separated, and 
hence its freer and more friable nature. 

4°. A loamy soil deposits from 30 to 60 per cent. of sand by mechani- 
cal washing. 

5°. A sandy loam leaves from 60 to 90 per cent. of sand, and 

6°. A sandy soil contains no more than 10 per cent. of pure clay. 

The mode of examining with the view of naming soils, as above, is 
very simple. It is only necessary to spread a weighed quantity of the 
soil in a thin layer upon writing paper, and to dry it for an hour or two in 
an oven or upon a hot plate, the heat of which 1s not sufficient to dis- 
colour the paper—the loss of weight gives the water it contained. While 
this is drying, a second weighed portion may be boiled or otherwise 
thoroughly incorporated with water, and the whole then poured into a 
vessel, in which the heavy sandy parts are allowed to subside until the 
fine clay is beginning to settle also. ‘This point must be carefully 
watched, the liquid then poured off, the sand collected, dried as before 
upon paper, and again weighed. This weight is the quantity of sand 
in the known weight of moist soil, which by the previous experiment has 
been found to contain a certain quantity of water. 

Thus, suppose two portions, each 200 grs., are weighed, and the one 
in the oven loses 50 grs. of water, and the other leaves 60 grs. of sand, 
—then, the 200 grs. of moist are equal to 150 of dry, and this 150 of dry 


* Asin British Husbandry, p. 113, and in Loudon’s Encyclopedia of Agriculture, p. 315, 
where classifications of soils are given chiefly from Von Thaer, though neither work ex- 
hibits with sufficient prominence the meaning to be attached to agricultural clay, as distin- 
guished from alumina, sometimes called pure clay by the chemist. 
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soil contain 60 of sand, or 40 in 100 (40 per cent.) It would, therefore, 
be properly called a loam, or loamy soil. 

But the above classification has reference only to the clay and sand, 
while we know that lime is an important constituent of soils, of which 
they are seldom entirely destitute. We have, therefore, 

7°. Marly soils, in which the proportion of lime is more than 5 but 
does not exceed 20 per cent. of the whole weight of the dry soil. The 
marl is a sandy, loamy, or clay marl, according as the proportion of 
clay it contains would place it under the one or other denomination, sup- 
posing it to be entirely free from lime, or not to contain more than 5 per 
cent., and 

8°. Calcareous soils, in which the lime exceeding 20 per cent. becomes 
the distinguishing constituent. These are also calcareous clays, calca- 
reous loams, or calcareous sands, according to the proportion of clay and 
sand which are present in them. 

The determination of the lime also, when it exceeds 5 per cent., is’ 
attended with no difficulty. 

To 100 grs. of the dry soil diffused through half a pint of cold water, 
and half a wine-glass full of muriatic acid (the spirit of salt of the shops), 
slr it occasionally during the day, and let it stand over-night to settle. 
Pour off the clear liquor in the morning and fill up the vessel with water, 
to wash away the excess of acid. When the water is again clear, pour 
it off, dry the soil and weigh it—the loss will amount generally to about 
one per cent. more than the quantity of lime present. The result will 
be sufficiently near, however, for the purposes of classification. If the 
loss exceed 5 grs. from 100 of the dry soil, it may be classed among the 
marls, if more than 20 grs. among the calcareous soils. 

Lastly, vegetable matter is sometimes the characteristic of a soil, 
which gives rise to a further division of 

9°. Vegetable moulds, which are of various kinds, from the garden 
mould, which contains from 5 to 10 per cent., to the peaty soil, in which 
the organic matter may amountto60 or 70. These soils also are clayey, 
loamy, or sandy, according to the predominant character of the earthy 
admixtures. 

The method of determining the amount of vegetable matter for the 
purposes of classification, is to dry the soil well in an oven, and weigh 
it; then to heat it to dull redness over a lamp or a bright fire till the 
combustible matter is burned away. The loss on again weighing is the 
quantity of organic matter. 


Summary.—The several steps, therefore, to be taken in examining a 
soil with the view of so far determining its constitution as to be able pre- 
cisely to name and classify it, will be best taken in the following order :— 

1°. Weigh 100 grains of the soil, spread them in a thin layer upon _ 
white paper, and place them for some hours in an oven or other hot 
place, the heat of which may be raised till it only does not discolour the 
pape:. The loss is water. 

2°. Let it now (after drying and weighing) be burned over the fire as 
above described. The second loss is organic, chiefly vegetable matter, 
with a liule water, which still remained in the soil after drying. 

3°. After being thus burned, let it be put into half a pint of water 
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with half a wine-glass full of spirit of salt, and frequently stirred. 
When minute bubbles of air cease to rise from the soil on settling, this 
process may be considered as at an end. The loss by this treatment 
will be a little more than the true per centage of lime,* and it will gen- 
erally be nearer the truth if that portion of soil be employed which has 
been previously heated to redness. 

4°. A fresh portion of the soil, perhaps 200 grs. in its moist state, may 
now be taken and washed to determine the quantity of siliceous sand it 
contains. Ifthe residual sand be supposed to contain calcareous matter 
its amount may readily be determined by treating the dried sand with 
diluted muriatic acid, in the same way as when determining the whole 
amount of lime (3°.) contained in the unwashed soil.+ 

Let me illustrate this by an example. 

Example.—Along the outcrop of some of the upper beds of the green 
sand in Berkshire, Wiltshire, and Hampshire, and probably also in 
Buckingham and Bedford, occur patches of a loose friable grey soil 
mixed with occasional fragments of flint, which is noted for producing 
excellent crops of wheat every other year. It is known in the valley of 
Kingsclere, at Wantage, and Newbury. I select a portion of this soil 
from the latter locality for my present illustration. 

1°. After being dried in the air, and by keeping some time in paper, it 
was exposed for some hours to a temperature sufficient to give the white 
paper below it a scarcely perceptible tinge: by this process 104% grs. 
lost 4 grs. 

2°. When thus dried, it was heated to dull redness. It first black- 
ened, and then gradually assumed a pale brick colour, the change, of 
course, beginning at the edges. ‘The loss by this process was 4} grs. 

3°. After this heating, it was put into half a pint of pure rain water 
with half a wine-glass full of spirit of salt. After some hours, when the 
action had ceased, the soil was washed and dried again at a dull red 
heat. The loss amounted to 3 grs. 

The soil, therefore, contained 
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4°. By boiling and washing with water, 291 grs. of the undried soil 
left 2024 grs. of very fine sand chiefly siliceous,—1044, therefore, would 
have lefi 73 grs., or the soil contained per cent.— 


* A more rigorous method of determining the lime when less than 5 per cent. will be 
given in the following lecture. 


1 The weighings for the purposes here described may be made in a small balance with 
grain weights, sold by the druggists for 5s. or 6s., and the vegetable matter may be burned 
away on a slip of sheet iron or in an untinned iron table-spoon over a bright cinder or char- 
coal fire—care being taken that no scale of oxide, which may be formed on the iron, be al- 
lowed to mix with the soil when cold, and thus to increase its weight. Those who are in- 
clined to perform the latter operation more neatly, may obtain for about 6s. each—from the 
dealers in chemical apparatus—thin light platinum capsules from 1 to 1} inches in diame- 
ter, capable of holding 100 grs. of soil—and for a few shillings more a spirit lamp, over 
which the vegetable matter of the soil may be burned away. With care, one of these little 
capsules will serve a life-time, 


DIFFERENCE BETWEEN SOIL AMD SUBSOIL. 235 


Wiles Teele ds VE ae, 8 Vee o per cent. 
Organic matter (lessthan) . . 4:1 
Carbonate of lime (less than) . 3°0 
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100-0* 


This soil, therefore, containing 70 per cent. of sand, separable by 
decantation, is properly a sandy loam. 


4. Of the distinguishing characters of soils and subsoils. 
8 & 


Beneath the immediate surface soil, through which the plough makes 
its way, and to which the seed is entrusted, lies what is commonly dis- 
tinguished by the name of subsoil. ‘his subsoil occasionally consists 
of a mixture of the general constituents of soils naturally different from 
that which forms the surface layer—as when clay above has a sandy 
bed below, or a light soil on the surface rests on a retentive clay beneath. 

This, however, is not always the case. The peculiar characters of 
the soil and subsoil often result from the slow operation of natural causes. 

In a mass of loose matter of considerable depth, spread over an extent 
of country, it is easy to understand how—even though originally alike 
through its whole mass—a few inches at the surface should gradually 
acquire different physical and chemical characters from the rest, and 
how there should thus be gradually established important agricultural 
distinctions between the first 12 or 15 inches (the soil), the next 15 (the 
subsoil), and the remaining body of the mass, which, lying still lower, 
does not come under the observation of the practical agriculturist. 

On the surface, plants grow and die. Through the first few inches 
their roots penetrate, and in the same the dead plants are buried. This 
portion, therefore, by degrees, assumes a brown colour, more or less dark, 
according to the quantity of vegetable matter which has been permitted 
to accumulate in it. Into the subsoil, however, the roots rarely pene- — 
trate, and the dead plants are still more rarely buried at so great a depth. 
Sull this inferior layer is not wholly destitute of vegetable or other or- 
ganic matter. However comparatively impervious it may be, still water 
makes its way through it, more or less, and carries down soluble organic 
substances, which are continually in the act of being produced during the 
decay of the vegetable matter lying above. Thus, though not sensibly 
discoloured by an admixture of decayed roots and stems, the subsoil in 
reality contains an appreciable quantity of organic matter which may 
be distinctly estimated. ; 

Again, the continual descent of the rains upon the surface soil washes 
down the carbonates of lime, iron, and magnesia, as well as other soluble 
earthy substances—it even, by degrees, carries down the fine clay also, 


* Some of these numbers differ by a minnte fraction from those in the preceding page: 
this is because ney are calculated from the more correct decimal fractions contained in my 
own note-book. he organic matter is said to be less than the number here given, because 
by simple drying, as here prescribed, the whole of the water cannot be driven off—a portion 
being always retained by the clay, which is not entirely expelled, till the soil is raised nearly 
toa red heat. Hence the loss by this second heating must always be greater than the actual 
weight of organic matter present. The lime is also less than the number given, because, as 
already stated, the acid dissolves a little alumina as well as any carbonate of magnesia which 
may be present. © 
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so as gradually to establish a more or less manifest difference between 
the upper and lower layers, in reference even to the earthy ingredients 
which they respectively contain. 

But, exceptin the case of very porous rocks or accumulations of earthy 
matter, these surface waters rarely descend toany great depth, and hence 
after sinking through a variable thickness of subsoil, we come, in gene- 
ral, to earthy layers, i in which little vegetable matter can be detected, 
and to which the lime, iron, and magnesia of the superficial covering 
has never been able to descend. 

Thus the character of the soil is, that it contains more brown organic, 
chiefly vegetable, matter, in a state of decay—of the subsoil, that the or- 
ganic matter is less in quantity and has entered it chiefly in a soluble 
state, and that earthy matters are present in it which have been washed 
out of the superior soil—and of the subjacent mass, that it has remained 
nearly unattected by the changes which vegetation, culture, and atmos- 
pheric agents have produced upon the portions that lie above it. 

From what is here stated, the effect of trench and subsoil ploughing, 
in altering more or less materially the proportions of the earthy constitu- 
ents in the surface soil, will be in some measure apparent. That which 
the long action of rains and frosts has caused to sink beyond the ordinary 
reach of the plough is, by such methods, brought again to the surface. 
When the substances thus brought up are directly beneficial to vegeta- 
tion or are fitted toimprove the texture of the soil, its fertility is increased. 
Where the contrary is the case, its productive capabilities may for a 
longer or a shorter period be manifestly diminished. 


§5. On the general origin of soils. 


On many parts of the earth’s surface the naked rocks appear over 
considerable tracts of country, without any covering of loose mate- 
rials from which a soil can be formed. This is especially the case in 
mountainous and granitic districts, and in the neighbourhood of active 
or extinct volcanoes, where, as in Sicily, streams of naked lava stretch 
in long black lines amid the surrounding verdure. 

But over the greater portion of our islands and continents the rocks 
are covered by accumulations, more or less deep, of loose materials— 
sands, gravels, and clays chiefly—the upper layer of which is more or 
less susceptible of cultivation, and is found to reward the exertions of 
human industry with erops of corn in greater or less abundance. 

This superficial covering of loose materials varies from a few inches to 
one or two hundred feet in depth, and is occasionally observed to consist 
of different layers or beds, placed one over the other—such as a bed of 
clay over one of gravel or sand, and a loamy bed under or over both. 
In such eases the characters and capabilities of the soil must depend 
upon which of these layers may chance to be uppermost—and its char- 
acter may often be beneficially altered by a judicious admixture with 
portions of the subjacent layers. 

It is often observed, where naked rocks present themselves, either in 
cliffs or on more level parts of the earth, that the action of the rains and 
frosts causes their surfaces gradually to shiver off, crumble down, or 
wear away. Hence at the base of cliffs loose matter collects—on com- 
paratively level surfaces the crumbling of the rock gradually forms a soil— 
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while from those which are sufficiently inclined the rains wash away 
the loose materials as soon as they are separated, and carry them down 
to the vallies. 

The superficial accumulations of whicls we have spoken, as covering 
the rocks in many places to a depth of one or two hundred feet, consist 
of materials thus washed down or otherwise transported—by water, by 
winds, or by other geological agents. Much of these heaps of transported 
matter is in the state of too fine a powder to permit us to say from whence 
it has been derived—but fragments of greater or less size are always to 
be found, even among the clays and fine sands, which are sufficient to 
point out to the skilful geologist the direction from which the whole has 
been brought, and often the very rocks from which the entire accumula- 
tions have been derived. 

Thus the general conclusion is fairly drawn, that the earthy matter of 
all soils has been produced by the gradual decay, degradation, or crumb- 
ling down gf previously existing rocks. It is evident therefore— 

1°. That whenever a soil rests immediately upon the rock from which 
it has been derived, it may be expected to partake more or less of the 
composition and characters of that rock. 

2°. That where the soil forms only the surface layer of a considerable 
depth of transported materials, it may have no relation whatever either 
in mineralogical characters or in chemical constitution to the immedi- 
ately subjacent rocks. 

The soils of Great Britain are divisible into two such classes. In 
some counties an acquaintance with the prevailing rock of the district 
enables us to predict the general characters and quality of the soil; in 
others—and nearly all our coal fields are in this case—the general 
character and capabilities of the soil have no relation whatever to the 
rocks on which the loose materials rest. 


§ 6. On the general structure of the earth’s crust. 


Beneath the soil, and the loose or drifted matters on which it rests, we 
everywhere find the solid rock. This rock in most countries is seen— 
in mines, quarries, and cliff’—to consist of beds or layers of varied thick- 
ness placed one over the other. To these layers geologists give the 
name of strata; and hence rocks which are thus made up of many se- 
parate layers are called stratified rocks. 

But in some places entire mountain masses are met with, in which no 
parting into layers or beds is seen, but which appear to consist of one 
unbroken rock of the same material from their upper surface down- 
wards, and often as far beneath as we have been able to penetrate into 
the earth. Such rocks are said to be unstratified. Among these are 
included the granites, the trap, green-stone, or basaltic rocks, and the 
lavas. Geologists have ascertained that all these unstratified rocks have, 
like the volcanic lavas, been in a more or less perfectly melted state— 
that their present appearance is owing to the action of fire—and hence 
they are often called igneous* rocks. They often also exhibit a more or 
less crystalline or glassy structure, or contain, imbedded in them, nu- 
merous regular crystals of mineral substances; hence they are some- 
times called also crystalline rocks. The terms igneous, crystalline, and 


* Sometimes pyrogenous, produced by fire ; but this is an unnecessarily hard word. 


238 STRATIFIED AND UNSTRATIFIED ROCKS. 


unstratified, therefore, apply to the same class of rocks—the first indica- 
ting their ortezn, the second their structure in the small, the third their 
structure i the large, as distinguished from that of the rocks which occur 
in beds. _ 

The following diagram exhibits the general appearance of the strati- 
fied rocks as they are found to occur in contact with unstratified masses 
in various parts of the globe :— 

D 
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A represents an unstratified mountain mass or other similar rock rising 
up through the stratified deposits. Che bending up of the edges of the 


latter indicates that after the beds were deposited in a nearby level posi- 
tion, the mass A was intruded or forced up through them, carrying the 
broken edges of the beds along with it. 

B shows the more quiet way in which veins or dykes of unstratified 
green-stone, or trap, or lava, cut through the beds without materially 
displacing them—as if when in a fluid state it had risen up and filled a 
previously existing crack or chasm. In Devonshire, in the North of 
Scotland, and in Ireland, the granite rises in many places exactly as is 
shown at A, and nearly all our coal fields exhibit in their whin dykes 
numerous illustrations of what is shown at B. 

C and D exhibit the manner in which the strata overlie one another 
in nearly a horizontal position—1, 2, 3, indicating different kinds of rock, 
—as a lime-stone, a sand-stone, and a clay—which again are subdivided 
into beds or thinner layers, by the partings exhibited in the wood-cut. 

The stratified rocks lie sometimes nearly level or horizontal over large 
tracts of country—as in the above diagram,—sometimes they are more 
or less inclined or appear to dip in one and to rise in the opposite direc- 
tion—as if a surface, formerly level, had been pushed down at the one 
end and raised up at the other,—and sometimes they seem to rest entire- 
ly upon their edges. Upon the mode in which they thus lie, the unifor- 
mity of the soil, in a district where it reposes immediately on the rocks 
from which it is derived, is materially dependent. In the following dia- 
gram the surface from A to E represents a tract of country in which the 


A 


rocks have in different parts these different degrees of inclination, at A 
vertical, at B more inclined, and from C to E nearly horizontal. Now, 
it is obvious that if the outer surface of these several rocks crumble and 
form a soil which rests where it is produced—then the quality of the soil 
on every spot will be determined by the nature of the rock beneath. 
Hence, in proceeding from E over the comparatively level strata, we 
shall tind the soil pretty uniform in quality till we come to the edge of 


— 
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the bed D, thence it will again be uniform, though perhaps different from 
the former, till we reach the stratum C, when again it will prove uni- 
form over a considerable space ull we bezin to climb the hill to B. So 
the whole hill-side in ascending to B_ will be of one and the same kind 
of soil. But as we descend on the other side and pass B, we get upon 
the edges of the beds, and then as we proceed from one bed to another, 
the quality of the soil may vary every few yards, more or less, ac- 
cording as the members of this group of beds are more or less differ- 
ent from each other. But when we ascend the hill to A, where the 
beds, besides being vertical, are also very thin, the soil may change at 
almost every step, provided—which is, however, rarely the case among 
the rocks (slate rocks) which occur most frequet:tly in this position—pro- 
vided the mineralogical characters of the several vertical layers be sen- 
sibly unlike. Such dissimilarities in the angular position of the strata, 
as are represented in the above diagram, are of constant occurrence, not 
only in our islands, but in all parts of the globe ; and they illustrate very 
clearly one important natural cause of that want of uniformity in the na- 
ture and capabilities of the soil which is more or less observable in every 
undulating and in some comparatively level countries also. 

It may be stated, as the general result of an extended examination 
of all the stratified rocks yet known—that they consist of alternations or 
admixtures of three kinds of rock only—of sand-stones, of lime-stones, 
and of clays. ‘The sand-stones are of various degrees of solidity and 
hardness, from the loose sand of some parts of the lower new-red and 
green-sand formations, to the almost perfect quartz rock not unfrequently 
associated with the oldest strata. The lime-stones vary in like manner 
from the soft chalk to the hard mountain lime-stone and the crystalline 
statuary marble; while the clays are found of all degrees of hardness 
from that of the London and Kimmeridge clays, which soften in water, 
to that of the roofing slates of Cumberland and Wales,—and even to 
that of the gneiss rocks which rest immediately upon the granite, and 
which appear to be only the oldest clays altered by the action of heat. 

But the stratified rocks, though thus distinguishable into three main 
varieties—rarely consist of any one of these substances in an unmixed 
state. The sand-stones not unfrequently contain a little clay or lime, 
while the lime-stones and clays are often mixed with sand and with 
each other. 

If the stratified rocks thus consist essentially of these three substances, 
the soils formed from them by natural crumbling or decay must have a 
similar composition. A sandy soil will be formed from a sand-stone,— 
a calcareous soil from a lime-stone,—a clay from a slate or shale,—and 
from a mixed rock, a soil containing a mixture of two or more of these 
earthy ingredients—in proportions which will depend upon the relative 
quantities of each which are contained in the rock from which they have 
been derived. 


3 ne ; J 
§ 7. Relative positions and peculiar characters of the several strata. 


1°. The several strata, or series of strata, which present themselves 

in the crust of the globe, always maintain the same relative positions. 

Thus the numbers 3, 2, 1, in the annexed diagram, represent three series 

of beds known by the names of the magnesian Jime-stone, the lower new- 
11 
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red sand-stone, and the coal-measures, lying over each other in their 
natural positions—the lime-stone uppermost, the sand-stone next, and 
the coal beneath both. Whenever these three rocks are met with, near 
each other, they always occupy the same relative position, the coal 
never appears above this lime-stone, and the sand-stone, if present, is 
always between the two other series of beds. The same is true of every 
other group of strata—the order in which they are placed over each other 
is universally the same. 

2°. These beds are generally continuous also over very large areas— 
or are found to stretch, without interruption, over a great extent of coun- 
try. Hence when they dip beneath other beds, as they are seen to do 
in the above diagrams, we can still, with a high degree of probability, 
infer their presence at a greater or less depth, wherever we observe on 
the surface those other beds which are known usually to lie immediate- 
ly above them. Thus, if in a tract of country consisting of the magne- 
sian lime-stone (3) above-mentioned, it is known that deep vallies occur, 
it becomes probable that the soil in those vallies will rest upon, and may 
be formed from, the underlying red sand-stones or coal-measures ; and 
that it will therefore possess very different agricultural capabilities from 
the soil that generally prevails around it. Or in chalk districts, beneath 
which usually lies the green-sand, the presence of a deep valley cutting 
through the chalk almost necessarily implies in the hollow a very difler- 
ent soil from that which is cultivated in the chalk wolds above. This is 
the case in the valley of Kingsclere, where the peculiar wheat soil oc- 
curs, of which an approximate analysis has been given in page 234. 

3°. It has been already stated that the stratified rocks, though so very 
numerous and so varied in appearance, yet consist generally of repeated 
alternations of lime-stones, sand-stones, and clays, or of mixtures of two 
or more of these earthy substances. But the several series of strata are 
nevertheless distinguished from each other by peculiar and often well- 
marked characters. 

Thus some are soft, crumble readily, and soon form a soil,—while 
others, though consisting of the same ingredients, long refuse to break 
into minute fragments, and thus condemn the surface of the country 
where they occur to more or less partial barrenness. 

In others, again, the proportions of sand or lime are so varied, from 
bed to bed, that the character of the mixture in each is entirely different 
—so that while one, on crumbling down, will give a stiff clay, another 
will produce a loam, and a third a sandy marl. 

Or, in some rocks the remains of vegetables are present in considera- 
ble quantity,—as in the neighbourhood of our coal-beds—or the bones or 
shells of animals in greater or less abundance, by each of which the 
agricultural characters and capabilities of the soils formed from them, 
will be more or less extensively affected. 

Or lastly, the mixture of other earthy substances gives a peculiar 
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character to many rocks. Thus the per-oxide of iron, which imparts 
their red colour to many strata—as to the red sandstones—influences 
not only the mineralogical character of the rock, but also the quality of 
the soil which is formed by its decay. In like manner the presence of 
magnesia, sometimes in large quantity, in many lime-stones, produces 
an important modification in the chemical constitution and mineralogical 
characters of the rock, as well as in its relations to practical agriculture. 

In consequence of these and other similar causes of diversity, if not 
every stratum, at least every series of strata, exhibits distinguishing and 
characteristic peculiarities, by means of which it may be more or less 
readily recognized. On these peculiarities the special agricultural ca- 
pabilities of those parts of the globe in which each series of beds occurs 
are in a great degree dependent. 

4°. This peculiar character is also more or less continuous over very 
large areas. Thus if a given stratum be found on the surface in any 
part of England, and again in any part of Russia, the soil formed from 
that bed will generally exhibit very nearly the same qualities in both 
countries. A knowledge of the geology, therefore,—that is, of the kind 
of rock which appears on the surface in every part of a country—ena- 
bles us to predict generally the kind of soil which ought to rest upon it, 
if it be not covered by foreign accumulations; while, on the other hand, 
a knowledge of the agricultural capabilities of any one district in which 
certain rocks are known to lie immediately beneath the soil, and of the 
agricultural practice suited to that district, will indicate the probable ca- 
pabilities of any other tract in which the same kind of rock is known to 
appear on the surface, and of the kind of culture which may be most 
successfully applied to it. 

Tt is evident, then, that a familiar acquaintance with the general 
characters and relative positions of all the series of strata that have hith- 
erto been observed, and of the classification of rocks considered geologi- 
cally, to which this knowledge has led, must be fitted to throw much 
light upon the principles of a general, enlightened, and philosophical. 
agriculture. 


§ 8. Classification of the stratified rocks, their extent, and the agricultu- 
ral relations of the soils derived from them. 


Tt is a received principle, I may say rather, an obvious fact, that in 
the crust of the earth, as in the walls of a building, those layers which lie 
lowest or undermost have been first deposited, or are the oldest. In re- 
ference to this their relative age, the stratified rocks are divided into the 
primary, the first deposited and most ancient—the secondary, which are 
next in order—and the tertiary, which overlie both. 

These three series of strata are again subdivided into systems, and 
these into minor groups, called formations,—the several members of 
each system and formation having such a common resemblance, either 
in mineralogical character or in the kind of animal and vegetable re 
mains found in them, as to show that they were deposited under very 
nearly the same general physical conditions of the globe. 

The following table exhibits the names, relative positions, thicknesses 
and mineralogical characters of the stratified rocks, in descending order 
as they occur in our islands. The annexed remarks indicate also the 
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districts where each of these groups of rocks forms the surface, and the 
general agricultural character of the soils that rest upon them. 


I. Tertiary Strata—characterized by containing, among other fos- 
sils, the remains of animals, which are identical with existing species 


NAME AND THICKNESS, MINERALOGICAL CHARACTERS. 


1°. Crag. 50 ft. A mass of rolled pebbles mixed with 
marine shells—resting on beds of sand 
and sandy lime-stone; the whole more 
or less inrpregnated with oxide of iron. 
Extent.—The Crag forms a stripe of land a few miles in width in the east- 
ern part of Norfolk and Suffolk, and in the sonth-eastern part of the latter coun- 
ty. Itisa flat, and generally, it is said, a fertile arable district. 


2°. Fresh-water Marls. 100 ft. Marls and marly lime-stones, with 
fresh-water shells divided into two se- 
ries by an estuary deposit, containing 
marine shells. 
Extent.—On these beds reposes the soil of the northern half of the Isle of 
Wight, the only part of England in which they appear at the surface. 


3°. London Clay. 200 to 500 ft. £tiff, almost impervious, brown, blue, 
: and blackish clay, rich in marine shells, 
ey containing layers of lime-stone no- 
ules. 

Exrent.—The greater part of the county of Middlesex, the south-eastem 
half of Essex, and the southern half of Hampshire, rest upon the London Clay. 
Som.—The soil is naturally strong, heavy, wet, and tenacious, “sticking to 
the plough like pitch,” and shrinking and cracking in dry weather. Where it 
is mixed with sand, it forms a fertile loam; and hence where the sand of the 
subjacent plastic clay is easily accessible, it may readily be improved by ad- 
mixture. Repeated dressings of London manure convert it into rich meadow 
land, and even where this cannot be obtained, the difficulty and expense of cul- 
ture have caused a very large portion of it to be retained in pasture. That 
which is under culture is said to be too strong for tutnips and barley, but to 

erow excellent crops of wheat and beans. 


4°. Plastic Clay. 300 to 400 ft. Alternating beds of clay and sand, of 
various colors and thicknesses. Some 
of the beds of clay are pure white, and 
so fine as to be used for making pipes. 

Exrent.—This formation surrounds the London clay with an indented, gen- 
erally low, and flat belt, of varying breadth, occupying a large space in Hamp- 
shire and Dorset, in Essex, Suffolk, and Norfolk,—stretching along the north- 
ern part of Kent and Surrey, and throwing out arms into Berks, Buckingham, 
and Hertford. 

Som.—The soil is very various, the alternate beds of sand and clay of differ- 
ent qualities producing soils of the most unlike quality often within very short 
distances. The greatest portion of this tract is in arable culture, but there are 
extensive heaths and wastes in Berks, Hampshire, and Dorset. 

In Norfolk and Suffolk, where the lower beds of this sand rest upon chalk, 
the soil is readily changed, by an admixture with this chalk, into a good sandy 
loam, which will yield large crops of turnips, barley, and wheat, instead of the 
heath and bent, its sole original produce. ‘This chalking is generally repeated 
once in 8 years, at an expense of 50s. an acre. In Hampshire and Berkshire, 
the same method is adopted with great success, and the nch crops now reaped 
from Hounslow Heath are the result of this method of improvement. 
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II. The Seconpary Srrara—contain no animal remains which 
ean be identified with existing species. Those which are found in them 
are nearly all different from those which occur either in the tertiary 
above or the primary strata below. 


A.—Cretasceous System. 


5°. Chalk. 600 ft. The upper part softer, and contain- 
ing layers of flints, with many marine 
remains. Below, the chalk is harder, 
“ and towards the bottom passes into 
beds of marl—(chalk marl). 

Exrent.—The chalk occupies a very large area in the south-eastern part of 
the island. It forms a broad band of from 15 to 25 miles in breadth, running 
north-east and south-west from the extreme south-western part of Dorset, to 
the extreme north of Norfolk,—it there turns nearly at a right angle, into the 
centre of Lincolnshire, where it is 10 to 15 miles in breadth, and thence stretches 
into Yorkshire, in the south-eastern part of which county it covers a large area, 
and about Flamborough Head attains a breadth of 25 miles. In passing 
through Berkshire and Surrey, it is partially interrupted by the plastic clay 
which it embraces on every side; and hence, in following the outline of this for- 
mation it encircles with a broad fringe the southern edges of Sussex and Surrey 
and the northern borders of Kent. 

Som.—The soils formed from the upper chalk are all more or less mixed 
with flints, and they produce naturally a very short but excellent sheep pasture, 
A great portion of this chalk-land in Dorset, Wilts, and Berks, has been occu- 
pied as a sheep-walk for ages, though under proper cultivation it is said to be 
convertible into good arable land, producing barley, turnips, wheat, and sain- 
foin. The lower chalk soils (chalk marl) consist of a deep, strong, calcareous © 
grey or white loam, very productive, and when mixed with the green sand be- 
low it, becoming still richer, more friable, and more productive of every kind of 
crop. It is better suited for wheat than the upper chalk, but is less adapted for 
turnips. 

The porous nature of the chalk renders the soil very dry, and in many locali- 
ties the only method of obtaining a sufficient supply of water is by forming 

nds to catch and retain the rain-water. 

In Norfolk and Suffolk, on the Lincolnshire, and more recently on the York- 
shire Wolds, great improvement has been effected by dressing the chalk-soil 
with fresh chalk brought up from a considerable depth below, and laid on at the 
rate of 50 to 80 cubic yards per acre. The explanation of this procedure is to 
be found in the fact above stated, that the lower chalk marls, without flints, pro- 
duce an excellent soil, fitted therefore, by admixture with the poorer upper-chalk 
soils, for materially improving their quality. It is, therefore, only in localities 
where this lower chalk can be obtained, that the above method of improve- 
ment can be with any material advantage adopted. This is proved by the 
practice at Sudbury, in Suffolk, which rests upon the upper beds, where it is 
found to be more profitable to import the lower chalk from Kent, to lay upon 
these lands, than to dress them with any of the chalks (only upper beds) which 
are immediately within their reach.* 


6°. Green Sand. 500 ft. The upper beds consist of layers of 
a Upper, 100. a greenish sand or sand-stone, often 
6 Gault, 150, chalky. The gault is a solid compact 
¢ Lower, 250. mass of an impervious blue clay, some- 


times marly. The lower green sand 
contains a series of ochrey resting on a 


* A rigorous chemical analysis of characteristic specimens of these two chalks might lead 
to interesting results. 
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series of greenish sandy strata. The 
whole of these beds are in many places 
full of fossils. 

Exrent.—The Green Sand forms a narrow border round the whole of the 
northern and western edge of the chalk, except in Yorkshire, where it has not 
as yet been anywhere discovered at the surface. It skirts also the southern 
edge of the chalk in Surrey and Kent, and its eastern boundary in Hampshire, 
where it attains a breadth of eight or ten miles. It forms likewise the southern 
portion of the Isle of Wight. : 

Som.—The upper beds, which are the greenest and most chalky, form an 
open friable soil, easily worked, and of the most productive character. It con- 
sists in general of an exceedingly fine sand, mixed with more or less of clay 
and calcareous matter (see analysis, p. 254), coloured by greenish grains. It is 
rich and productive of every species of crop, and the peculiar richness of this 
soil has been remarked not only in England but also in the United States of 
North America. In some parts of Bedfordshire the soils of this fermation form 
the most productive garden lands in the kingdom. In other localities, again, 
where the soil is formed from layers of black or of white silvery sand, it produ- 
ces naturally nothing but heath. 

The impervious gault clay forms in Cambridge and Huntingdon “a thin, 
cold clay soil, which, when wet, becomes as sticky as glue, is most expensive 
to cultivate as arable land, and naturally produces a poor, coarse pasture.” 
Much of this tract, though unenclosed, is yet generally in arable culture, under 
two crops and a naked fallow—the enclosed parts are chiefly in pasture,,and 
yield a rich herbage. 

The lower green-sand presents itself over a comparatively small surface, 
is in some localities (Sussex) laden with iron ochre, and is there naturally un- 
productive. 


B.—Oouitic SystTem. 


7°. Wealden. 950 ft. The upper part consists of a fresh- 
a Weald Clay, 300. water deposit of brown, blue, or fawn- 

6 Hastings Sand, 400. coloured clay, often marly and almost 

~~  ¢€ Purbeck lime-stone, 250. always close and impervious to water. 


Beneath this are the iron or ochrey 
Hastings sands, which again rest upon 
the Purbeck beds of alternate fresh-wa- 
ter lime-stones and marls. 

Extent.—The Wealden rocks appear at the surface only in Sussex and 
Kent, of which they form the entire central portion. 

Sor.—The soil formed from the Weald Clay is fine grained and unctuous— 
often pale coloured, and containing much fine grained siliceous sand. Itforms a 
paste which dries and hardens almost like a brick, so that the roots of plants 
cannot penetrate it. From the expense of cultivating such land, much of it 
is in wood (Tilgate Forest), and some is in poor wet pasture. On the whole 
of this tract, therefore, there is much room for improvement. ‘The Hastings 
sands produce a poor brown sandy loam which naturally yields only heath and 
brush-wood. Much of this soil is in pasture, but, under proper cultivation, it 
yielas good crops of all kinds. Where the ruins of the Purbeck marls are in- 
termixed with it, the soil is of a superior qnality. 


8°. Upper Oolite. 600 ft. The upper part of this formation con- 
a Portland Beds, 100. sists of the oolite* limestones and cal- 
b Kimmeridge Clay, 500. | careous sand-stones long worked at 


Portland—the lower of the blue slaty 


* So named because they consist of small egg-shaped granules, like the roe of a fish. 
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or greyish, often calcareous and bitu- 
minous beds of the Kimmeridge clay. 

ExtTeNnt.—The Upper Oolite runs north-east along the northern edge of 
the green sand, from the western extremity of Dorset to the extreme north of 
Norfolk. Itis in general only 2 or 3 miles, but in a few places expands to 
6 or 8 miles in breadth. It appears again on the western edge of the green 
sand in Lincolnshire, and in Yorkshire forms a stripe 5 or 6 miles in breadth, 
which crosses the country from Helmsley to Filey Bay. In the Isle of Port- 
land also it is found, and it stretches in a narrow stripe along part of the south 
coast of Dorset. 

Som.—The soil from the Portland rocks, in consequence of the prevalence 
of siliceous and the absence of clayey matter, produces naturally, or when laid 
down to grass, only a poor and benty herbage. Its Joose and sandy nature 
makes it also very cheap to work, and hence it is chiefly in arable culture. It 
is easily affected by drought, but in damp seasons it produces abundant crops 
—especially in those parts where the soil is naturally mixed with the detritus 
of the over-lying Hastings sand, and of the calcareous Purbeck beds. 

The Kimmeridge clay forms a tough, greyish, impervious, often however 
very calcareous soil and subsoil. From the difficulty of working it, much of 
the surface over which this formation extends is laid down to grass, and the old 
pasture land affords excellent herbage. ‘The celebrated pasture lands of the vale 
of North Wilts rests partly on this clay. The relative thicknesses of the Portland 
beds and the Kimmeridge clay will readily account for the fact of this clay be- 
ing spread over by far the greatest part of the area occupied by this formation. 
In Yorkshire, clay of a great thickness is the only member of this series that 
has hitherto been observed. On this, as well as on the subjacent Oxford clay, 
the judicious investment of capital might produce a much greater annual breadth 
of corn. 


9°. Middle Oolite. 500 ft. The uppermost bed in this formation 
Upper Calcareous Grit, is a sand-stone containing a consider- 
Coral Rag, 100. able quantity of lime—next is a coral- 
Calcareous Grit, line lime-stone (coral raz) resting upon 
Oxford Clay, other sand-stones, which contain much 
Kelloways Rock, 400. lime in their Seppe and little or none in 
Blue Clay, their lower beds. Below these is an 
enormous deposit of adhesive tenacious 
dark blue clay, frequently calcareous 
and bituminous, and towards the lower 
part containing irregular beds of sand- 
stones and lime-stones( Kelloways rock) 

beneath which the clay again recurs. 

Extent.—The middle adjoins the upper oolite on the north and west—ac- 
companying it from the extremity of Dorset, into Wilts, Oxford, Huntingdon, 
Lincolnshire, and Yorkshire. Until it reaches Huntingdon, it rarely exceeds 
6 or 8 miles in width, but in this county‘and in Lincoln it expands to a width 
of nearly 20 miles. In Yorkshire it nearly surrounds the upper oolite, and 
on the northern border of the latter formation attains a width from north to 
south of 6 or 8 miles. 

Som.—The higher beds of both the upper and lower calcareous grits produce 
good land. They contain lime intermingled with the other materials of the 
siliceous sand-stone. The upper calcareous grits are no doubt improved by 
their proximity to the pammperoge clay above them, while the lower calcareous 

it is in like manner benefitted by the hme of the super-incumbent coral rag. 
The under beds of both groups are the more gritty, and form a poor, barren, 
almost worthless soil, much of which in Yorkshire is still unreclaimed. 
Upon the hills of the coral rag itself occurs the best pasture which is met with 
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in that part ofthe North Riding of Yorkshire through which this formation 
extends. 

The Oxford clay, which is by far the most important member of this forma- 
tion, and forms the surface over by far the largest portion of the area occupied 
by it—produces a close, heavy, compact clay soil, difficult to work, and which 
is one of the most expensive of all the clays to cultivate. This is especially 
the case in Bedford, Huntingdon, Northampton, and Lincoln, in which coun- 
ties, neveriheless, a considerable extent of it is under the plough. In Wilts, 
Oxtord, and Gloucester, itis chiefly in pasture, and as over these districts it as- 
sumes the character rather of a clayey loam, the herbage is thick and luxuriant. 
The impervious nature of this clay has caused the stagnation of water upon 
its lower lying portions, the consequent accumulation of vegetable matter, and 
the formation of bogs. ‘The extensive fens of Lincoln, Northampton, Hunt- 
ingdon, Cambridge, and Norfolk, rest upon the Oxford clay. This tract of 
fenny country is 70 miles in length, and about 10 in average breadth. When 
drained and covered with the clay from beneath, it is capable of being converted 
into a most productive soil. In Lincolnshire, there are about a million acres 
of fen, which have their drainage into the Wash, about 50,000 of which are at 
present irreclaimable, on account of the state of the outlet. 

In the neighbourhood of the Kelloways rock the clay becomes more loamy 
and less difficult to work. 

Both in Yorkshire and in the southern districts, the Oxford clay is found to 
favour the growth of the oak, and hence it is often distinguished by the name 
of the oak tree clay. 


10°. Inferior Oolite. 600 ft. Thin, impure, rubbly beds of shelly 
a Cornbrash, 30. lime-stone form the upper part of this 

b Forest Marble, 50. series. These rest upon alternate beds 

¢ Bradford Clay, 50. of oolitic shelly lime-stone and sand- 

d Bath Oolite, 130. stone, more or less calcareous, having 

e Fuller’s Earth, 140. partings of clay; these again upon beds 

of blue marly clay, immediately under 


Ff Inferior Oolite, 200 ) ‘ y 
g Calcareous Sand, t pa which are the thick beds of the light-co- 
loured oolite lime-stone of Bath. Be- 
neath these follow other beds of blue 
clay, with Fuller’s earth, based upon 
another oolitic lime-stone, which is fol- 
lowed by slightly calcareous sands. 

Extent.—This formation commences also at the south-western extremity of 
Dorset, and runs north-east, swelling out,-here and there, and in Gloucester, 
Oxford, and Northampton attaining a width of 15 to 20 miles. It occupies 
nearly the whole of these three counties, covers almost the entire area of Rut- 
land, a large portion of the north-east of Leicester, and then, in a narrow stripe, 
stretches north through Lincoln, and disappears at the Humber. It appears 
again in the North Riding of Yorkshire, skirting the outer edge of the middle 
oolite, on the north of which it attains a breadth of 15 miles, and stretches 
across, with little interruption, from near Thirsk to the North sea. A small 
patch of it appears farther north, on the south-eastern coast of Sutherland, and 
on the east and south of the Isle of Sky. 

Sor.—It will be understood from what has been already stated in reference 
to other formations, that one which contains so many different rocks, as this 
does, must also present many diversities of soil. Where the upper beds come 
to the surface, the clay-partings sive the character to the soil—forming a calca- 
reous clay, which, when dry or drained, is of good quality. In other places it 
forms a close adhesive clay, which is naturally almost sterile. The Bath oolite 
weathers and crumbles readily. The soil upon it is thin, loose, and dry. ‘The 
rock is full of vertical fissures, which carry off the water and drain its surface. 
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When free from fragments of the rock, the soil is often close and impervious, 
and, though of a brown colour, deep, and apparently of good quality, it is really 
worthless, or, as the farmers call it, dead and sleepy. Most of this land, how- 
ever, is in arable cultivation. The heavy soils, which rest on the clay contain- 
ing Fuller's earth, are chiefly in pasture. 

The inferior oolite varies much in its character, containing, in some places, 
much lime-stone, while in others, as in Yorkshire, it formsa thick mass of sand- 
stones and clays, with occasional thin beds of coal. In Gloucester, Oxford, 
Northampton, and Rutland, these lower beds forma tract of land about 12 miles 
in width. The soil is generally soft, sandy, micaceous, ofa brown colour, and 
of a good fertile quality. It is deep, contains many fragments of the subjacent 
rock, is porous, and easily worked. Where the sand-stones prevail, it is of in- 
ferior quality. In these counties it is principally enclosed, and in arable culture, 
the sides of the oolitic hills and the clayey portions being in pasture. In York- 
shire, much of the unproductive moor land of the North Riding rests upon this 
formation. Nearly all the arable land in the county of Sutherland rests on the 
narrow stripe of the lower oolite rocks which occurs on its south-east coast. 
The debris of these rocks has formed a loamy soil, which, when well limed, 
produces heavy crops of turnips. 


11°. Lias. 509 to 1000 ft. This great deposit consists chiefly of 
an accumulation of beds of blue clay, 
more or less indurated—interrupted m 
various places by beds of marl, and of 
blue, more or less earthy, lime-stones , 
which especially abound in the lower 
part of the series. The wholeis full of 
shells, and of the remains of large ex- 
tinct animals. 

Exrent.— Wherever the lower oclites are to be traced in England, the lias 
is seen coming up to the surface on its northern or western edge, pursuing an 
exceedingly tortuous north-eastern course, throwing out im its course many 
arms (outliers), and varying in breadth from 2 to 6 or 10 miles. It may be 
traced from the mouth of the Tees, in Yorkshire, to Lyme Regis, in Dorset, the 
continuity being broken only by the coal field of Somerset. In Scotland and 
Ireland no traces of this formation have yet been detected. 

Som.—Throughout the whole of this formation the soil is a blue clay, more 
or less sandy, calcareous, and tenacious. Where the lime or sand prevails the 
soil is more open, and becomes a loam; where they are less abundant, it is of 
ten a cold, blue, unproductive, wet clay.. This latter, indeed, may be given as 
the natural character of the entire formation. Where it rests upon a gravelly 
or open subsoil, or contains a large quantity of vegetable matter, it may be 
cultivated to advantage, and it is found especially to produce good herbage. In 
all situations, it is an expensive soil to work, and hence by far the greater por- 
tion of it isin old pasture. The celebrated dairy districts of Somerset, Glou- 
cester, Warwick, and Leicester, rest for the most part on the lias, as does also 
much of the best grazing and pasture land in Nottingham and Yorkshire. 
Through the long lapse of time an artificial soil has been produced on the un- 
disturbed surface of these clay districts, which is peculiarly propitious to the 
growth of grass. With skilful drainage and judicious culture, it is capable of 
producing heavy crops of wheat. 


C.—New Rep Sanp-sToNgE System. 


12°. Upper and Lower The upper and lower red sand-stones 
RedSand-stones. 500 fi. consist of alternate layers of sand, sand- 
stones, and marls sometimes colourless, 

but generally of ared colour—sprinkled 

in the upper series with frequent green 


Li? 
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spots. The lower beds are sometimes 
full ofrolled pebbles. Few of the sand- 
stones of this formation are sufficiently 
hard toform building stones—many of 
the layers consist of loose friable sand, 
and the marls universally decay and 
crumble to a fine red powder under the 
influence of the weather. 

Extent.—The new red sand-stone extends over a larger portion of the surface. 
of England than any other formation. It commences at ‘Torbay, in the south 
of Devon, runs north-east into Somersetshire ; from Bristol ascends both sides 
of the Severn, accompanies it into the vale of Gloucester, stretches along the 
base of the Malvern hills, and north of the city of Worcester expands into a 

ntly undulating plain, nearly 80 miles in width at its broadest part, compre- 

ending nearly the whole of the counties of Warwick and Stafford and the 
greater part of that of Leicester. From this central plain it parts into two di- 
visions. One of these runs west over the whole of Cheshire-—-(in which 
county it contains salt springs and mines of rock salt)—the western part of 
Flint, and on the south-west surrounds the county of Lancashire. It is there 
interrupted by the rising of the older rocks in Westmoreland, but re-appears in 
the eastern corner of this county, runs north-west through Cumberland, form- 
ing the plain of Carlisle—and thence round and across the Solway Frith till it 
finally disappears about 20 miles north of Dumfries. The other arm, proceed- 
ing from the towns of Derby and Nottingham, runs due north through Notting- 
ham and the centre of Yorkshire, skirting the outer edge of the lias, and finally 
disappears in the county of Durham to the north of the river Tees. The south- 
ern portion of this arm has a width of 20 to 30 miles, until it reaches the neigh- 
bourhood of Knaresborough, where it suddenly contracts to 6 or 8, and does 
not again expand to more than 10 or 12 miles. 

North of Dumfries-shire these rocks are not known to occur in our island. 
In the north-east of Ireland they form a stripe of land a few miles in width, run- 
ning from Lough Foyle to Lough Neagh, and thence, with slight interruptions, 
to the south of Belfast. 7 

Soin.—These rocks, by their decay, almost always produce a deep red 
soil. Where the red clay and marl predominate, this soil isa red clay or 
clayey loam of the richest quality, capable of producing almost every crop, and 
remarkable therefore for its fertility. It is chiefly in arable culture, because of 
the comparative ease with which it 1s worked, but the meadows are rich, and 
produce good herbage. Where the rocks are more sandy, and contain few 
marly bands, the soil produced is poorer, yet generally forms a good sandy loam, 
suitable for turnips and barley. 

In Devonshire, as in the vale of Taunton and other localities, where the lias 
and the red sand-stone adjoin each other, or run side by side, the difference in 
the fertility and general productiveness of the two tracts is very striking. On 
the former, as already observed, good old grass land is seen, but the arable land 
on the latter produces the richest and most luxuriant crops to be seen on any 
soil in the kingdom. In this county, andin Somerset, the only manure it seems 
to require is lime, on every repetition of which it 1s said to produce increased 
crops. The same remarks as to its comparative fertility, apply with more or 
less force to the whole of the large area occupied by this formation in our island 
—-wherever the soil has been chiefly formed by the decomposition of the rock 
on which it rests. In some localities (Dumfries-shire) the micaccous, marly 
rock is dug up, and, after being crumbled byexposure to a winter's frost, is laid 
on with advantage as a top-dressing to grass and other lands. 

In the south of Lancashire, and along its western coast, and on the shores of 
the Solway, in Dumfries-shire,a great breadth of this formation is covered with 
peat. 
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ime-stone. The magnesian lime-stone is genes 
rally of a yellow, sometimes of a grey, 
“colour. In the upper part it occasion- 
ally presents itself in thin beds, which 
crumble more readily when exposed to . 
the air. In some places, also, it assumes 
a marly character, forming masses 
which are soft and friable; in general, 
however, it is in thick beds, hard and 
compact enough to be used for a build- 
ing stone or for mending the roads. The 
quantity of carbonate of magnesia it 
contains varies from 1 to 45 per cent. 
It isin the north of England generally 
traversed by vertical fissures, which ren- 
der the surface dry, and make water in 
many places difficult to be attained. 

Extent.—The magnesian lime-stone stretches in an almost unbroken line 
nearly due north from the city of Nottingham to the mouth of the river Tyne. 
It is in general only a few miles in width, its principal expansion being in the 
county of Durham, where it attains a breadth of 8 or 10 miles. 

Sorz.—-It forms, for the most part, a hilly country, covered by a reddish 
brown soil, often thin, light and poor, where it rests immediately on the native 
rock—producing indifferent herbage when laid down to grass, but under skilful 
management capable of yielding average crops of turnips and barley. In the 
eastern part of the county of Durham tracts of the poorest land rest upon this 
rock, but as this formation is for the most part covered with deep accumulations 
of transported materials—the quality of the soil is in very many places more 
dependent upon the character of this superficial covering than upon the nature 
of the rock beneath. 

During the slow degradation of this rock, the rains gradually Wash out great 
part of the magnesia it contains, so that it seldom happens that the soil formed 
from it, though resting on the parent rock, contains so mnch magnesia as to be 
necessarily hurtful io vegetation. 


D.—Cargonirerous System. 


14°. Coal Measures. 300 ft. Consisting of alternate beds of indu- 
rated bluish-black clay (coal shale), of 
siliceous sand-stone generally grey in 
colour and containing imbedded plants, 
and of coal of various qualities and de- 
grees of thickness. Beds of lime-stone 
rarely appear in this formation till we 

approach the lowest part of the series. 
Exrent.—Fortunately for the mineral resources of Great Britain, the coal 
measures occupy a large area in our island. Most of the districts in which 
they occur are so well known as to require only to be indicated. The south 
Welsh coal-field occupies the south of Pembroke, nearly the whole of Glamor- 
gan, and part of Monmouth-shire. In the north of Somerset are the coal mea- 
sures of the Bristol field, which stretch also across the Severn into the forest of 
Dean. In the middle of the central plain of the new red sand-stone, lie the coal - 
fields of Ashby-de-la~-Zouch, of Coventry, and Dudley, and on its western 
borders are those of Shropshire, Denbigh, and Flint (North Wales). To the 
north of this plain extends on the right the Yorkshire coal-field from Notting- 
ham to Leeds, while on the left is the small coal-field of Newcastle-under-Line, 
and the broader Lancashire field which crosses the country from near Liverpool 
to Manchester. Almost the entire eastern half of the county of Durham, and 
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of the low country of Northumberland, is covered with these measures—but 
the largest area covered by these rocks is in that part of the low country of 
Scotland which extends in a north-easterly direction from the west coast of 
Ayrshire to the eastern coast of Fife. They there form a broad band, having 
an average breadth of 30 miles, interrupted often by trap or green-stone rovks, 
yet lying immediately beneath the loose superficial matter, over the largest por- 
tion of this extensive district. They do not occur further north in our island. In 
Ireland they form a tract of limited extent on the northern borders of the county 
of Monaghan—cover a much larger area in the south-east in Kilkenny and 
Queen’s counties—and towards the mouth of the Shannon, spread on either 
bank over a large portion of the counties of Clare, Kerry, and Limerick. 
Som.—The soil produced by the degradation of the sand-stones and shales 
of the coal formation is universally of inferior quality. The black shales or 
schists form alone a cold, stiff, ungrateful clay. The sand-stones alone form 
thin, unproductive soils, or barren—almost naked—heaths. When the clay 
and sand are mixed a looser soil is produced, which, by heavy liming, by drain- 
ing, and by skilful culture, may be rendered moderately productive. In the 
west of the counties of Durham and Northumberland, and on the higher edges 
of most of our coal fields, there are extensive tracts of this worthless sand-stone 
surface, and thousands of acres of the improveable cold clays of the shale beds. 
These latter soils appear very unpromising, and can only be rendered remune- 
ratively productive in skilful hands. ‘They present one of those eases in which 
the active exertions of zealous agriculturists, and the efforts of the friends of 
agriculture, might be expended with the promise of much benefit to the country. 


15°. Millstone Grit. 600 ft. This formation consists in some lo- 
calities of an entire mass of coarse sand- 
stone, of great thickness—in others of 
alternations of sand-stones and shales, 
resembling those of the coal-measures 
—while in others, again, lime-stones, 
more or less siliceous, are interposed 
among the sand-stones and shales. 

Extent.—A large portion of Devonshire is covered with these rocks—they 
form also the high land which skirts to the north and west the coal-measures of 
Yorkshire, Lancashire, and Durham, and over which is the first ascent to the 
chain of mountains that run northward through these three counties. In Scot- 
Jand, they have not been observed to lie immediately beneath any part of the sur- 
face. In the north of Ireland they cover a considerable area, stretching across 
the county of Leitrim between Sligo and Lough Erne. 

Sori.— The soils resting upon, and formed from, these rocks are generally of 
a very inferior description. Where the sand-stones come to the surface, miles 
of naked rock appear; other tracts bear only heath, or, where the rains have 
only a partial outlet, accumulations of peat. ‘The shale-beds, like those of the 
coal-measures, afford a cold, unproductive, yet not unimproveable soil—it is 
only where lime-stones occur among them that patches of healthy verdure are 
seen, and fields which are readily susceptible of profitable arable culture. 

It is true, therefore, of this formation in general, that the high grounds form 
extensive tracts of moor-land. In the lower districts of country over which it 
extends, the soil generally rests not on the rocks themselves, but on superficial 
accumulations of transported materials, which are often of such a kind as to 
form a soil either productive in itself or capable of being rendered so by skilful 
cultivation. 


16°. Mountain 800 fl _ In this formation, as its name implies, 
Lime-stone. ft. lime-stone is the predominating rock. 
It is generally hard, blue, and more or 
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less full of organic remains. In some 
; localities, it occurs in beds of vast thick- 
ness—(Derby and Yorkshire)—while 
in others—(Northumberland)—it is di- 
vided into numerous layers, with inter- 
posed sand-stones and beds of shale, and 
occasional thin seams of coal. 

Extent.—The greater portion of the counties of Derby and Northumberland 
are covered by this formation, and from the latter county it stretches along the 
west of Durham through Yorkshire as far as Preston, in Lancashire—forming 
the mountains of the well known Pennine chain, which throw out spurs to the 
east and west, and thus present on the map an irregular outline and varying 
breadth of country. In Scotland these rocks cover only a small portion of the 
county of Berwick, immediately on the Border; but in Ireland, almost the en- 
tire central part, forming upwards of one-half of the whole island, is occupied 
by the mountain lime-stone formation. 

Soi..—F rom the slowness with which this rock decays, many parts of it are 
quite naked; in others, it is coyered with a thin light porous soil of a brown 
colour, which naturally produces a short but thick and sweet herbage. Much 
of the mountain lime-stone country, therefore, is in natural pasture. 

Where the lime-stones are mixed or interstratified with shale beds, which de- 
cay more easily, a deeper soil is found, especially in the hollows and towards 
the bottom of the valleys. ‘These are often stiff and naturally cold, but when 
well drained and limed produce excellent crops of every kind. In Northumber- 
land, much of the mountain lime-stone country is still in moor-land, but the ex- 
cellence of border farming is gradually rescuing one improveable spot after ano- 
ther from the hitherto unproductive waste. In Yorkshire and Devonshire also 
improvements are more or less extensively in progress, though, in all these dis- 
tricts, there are large tracts which can never be re-claimed. 


E.—O.up Rep Sanp-stone or Devonian System. 


17°. Old Red Sand- 500 to The pape part of this formation con- 
stone. 10,000 ft. sists of red sand-stones and conglomer- 

Old Red Conglomerate. ates (indurated sandy gravel), the mid- 
Corn-stone and Marls. dle of spotted, red and green, clayey 

a Tile-stone. marls, with irregular layers of hard, of- 


ten impure and siliceous lime-stones 
(cornstones) likewise mottled, and the 
lowest of thin hard beds of siliceous 
sand-stones, sometimes calcareous, mot- 
tled, and splitting readily into thin flags 
(tile-stones). 

Extent.—Though occasionally of vast thickness, the old red sand-stone does 
not occupy a very extensive area in our island. Inthe south of Pembroke it 
forms a tract of land on either side of the coal-field—surrounds on the north and 
east the coal-field of Glamorgan, and immediately north of this county covers a 
large area comprehending the greater portion of Brecknock and Hereford, and 
part of Monmouth. A small patch occurs in the Isle of Anglesey, and in the 
north-eastern corner of Westmoreland—but it does not again present itself till 
we reach the western flank of the Cheviot Hills. It there appears on either 
side of the Tweed, and extends over a portion of Berwick and Roxburgh to the 
base ofthe Lammermuirs. On the north of the same hills it again presents it- 
self, and stretching to the south-west, forms a considerable tract of country in 
the counties of Haddington and Lanark. On the north of the great Scottish 
coal-field it forms a broad band, which runs completely across the island in a 
south-western direction along the foot of the Grampians, from Stonehaven to 


9592 RICH WHEAT LANDS OF THE OLD RED SAND-STONE. 


the Firth of Clyde, is to be discovered in the Island of Arran, and at the Mull 
of Cantire, and—along the prolongation of the same line—at various places on 
the northern flank of the great mountain lime-stone formation of Ireland, and 
especially in the counties of Tyrone, Fermanagh, and Monaghan. In the 
north of Scotland, it lines either shore of the Moray Firth, skirts the coast to- 
wards Caithness, where it covers nearly the whole county, and still further 
north, forms the entire surface of the Shetland Islands. Along the north-west- 
ern coast, it also appears in detached patches till we reach the southern ex- 
tremity of the Isle of Sky. 

In Ireland, it occurs also on the extreme southern edge of the mountain lime- 
stone, in Waterford and the neighbouring counties—and in the middle of this 
formation on the upper waters of the Shannon, in the south of Mayo, and 
round the base of the slate mountains of Tipperary. 

Soit.—The soil on the old red sand-stone admits of very nearly the same 
variations as on the new red sand-stone formation. Where it is formed, as in 
parts of Pembroke, from the upper sand-stones and conglomerates, it is either 
worthless or it produces a poor hungry soil, “which eats all the manure, and 
drinks all the water.” ‘These upper rocks are sometimes so siliceous as to be 
almost destitute both of lime and clay—in such cases, the soils they form are 
almost valueless. 

The marly beds and lime-stones of the second division, yield warm and rich 
soils—such as the mellow lands of Herefordshire, and the best in Brecknock 
and Pembroke shires. The soil in every district varies according as the partings 
of marl aze more or less numerous. ‘These easily crumble, and where they 
abound form a rich stiff wheat soil—like that of East Lothian and parts of Ber- 
wickshire ;—where they are less frequent the soil is lighter and produces excellent 
turnips and barley. Where the subsoil is porous, this land is peculiarly fa- 
vourable to the growth of fruit trees.* The apple and the pear are largely grown 
in Hereford and the neighbouring counties, long celebrated for the cider and 
perry they produce. 

The tile-stones reach the surface only on the northern and western edges cf 
this formation in England. In Ayrshire, in Lanarkshire, in Ross-shire, and in 
Caithness, larger tracts of land rest on these lower beds. In all these districts 
rich corn lands are produced from the rocks of the middle series. The fertility 
of Strathmore in Perthshire, and of other vallies upon this formation, is well 
known—Easter Ross and Murray have been called the granary of Scotland, 
and even in Caithness rich corn-bearing (oat) lands are not unfrequent. Yet 
in the immediate neighbourhood of these rich lands, tracts of tile-stone country 
oceur, which are either covered with useless bog (Ayrshire and Lanarkshire), 
or with a thin covering of soil which is almost incapable of profitable culture. 
In this latter condition is the moor of Beauly on the Cromarthy Firth, an area 
of 50 square miles, which, till within a few years, lay as an unclaimed common 
—and in the county of Caithness still more extensive tracts. 

In South Devon and part of Cornwall a very fertile district rests also on the 
middle series of these rocks. Instead of red sand-stones, however, the country 
there consists of green slates, more or less siliceous, of sand-stones and of lime- 
stones, which by their decay have formed a very productive soil. These rocks 
in the above counties abound in fossil remains, and it is chiefly for this reason 
that the term Devonian has been applied to the rocks of the old red sand-stone 
formation. 


* The most loamy of these red soils of Hereford afford the finest crops of wheat and hops, 
and bear the most prolific apple and pear trees, whilst the whole region (eminently in the 
heavier clayey tracts) is renowned for the production of the sturdiest oaks, which so abound 
as to be styled the “ weeds of Herefordshire.” Thus, though this region contains no mines, 
the composition of its rocks is directly productive of its great agricultural wealth. Murchi- 
son, Silurian System, I., p. 193. 
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III. Primary Srrara.—In these rocks slates abound, and lime- 
stones are more rare. Organic remains are also less frequently met 
with than in the superior rocks. ‘These remains belong all to extinct 
species, the greater part to extinct genera and families, and are frequent- 
ly so wholly unlike to existing races that it is often difficult to trace any 
resemblance between the animals which now live and those which appear 
to have inhabited the waters of those ancient periods. 


F.—SiLurtan System. 


18°. Upper Silurian. 3800 ft. The upper Ludlow rocks consist of 
1°. LupLow FORMATION. sand-stones more or less calcareous and 

a Upper Ludlow argillaceous. These rest upon hard, 

6 Aymestry Lime-stone $ 2000 somewhat crystalline, earthy lime-stones 
Gilani adie (Aymestry lime-stones.) The lower 
Ludlow rocks are masses of shale more 


2°. WENLOCK FORMATION. free from lime and sand than the upper 
a Lime-stone t 1800 beds, and from the mode in which they 
6 Shale decay into mud are locally known by 


the name of ‘“‘ mud-stones.” 

The Wenlock or Dudley formation 
consists in the upper part of a great 
thickness of lime-stone beds often argil- 
laceous, and abounding in the remains 
of marine anima!s; and in the lower 
part of thick beds of a dull clayey shale 
—in its want of cohesion, and in its 
mode of decay, very much resembling 
the mud-stones of Ludlow. 

Extent.—The principal seat of these rocks in our island is in the eastern 
counties of Wales, where they lie immediately beneath the surface over the 
eastern half of Radnor, and the north of Montgomery. 

Som.—The prevailing character of the soils upon these formations is derived 
from the shales and mud-stones—and from the earthy layers of the sand-stones 
and lime-stones which decay more readily than the purer masses of these rocks. 
The traveller is immediately struck in passing from the rich red marls and 
clays of the old red sand-stone in Hereford, on to the dark, almost black, soils 
of the upper and lower Ludlow rocks in Radnor, not merely by the change of 
colour, but by their obviously diminished value and productiveness. The up- 
per Ludlow is crossed by many vertical cracks and fissures, and thus, though 
clayey, the soil which rests upon it is generally dry, and susceptible of cultiva- 
tion. 

Not so the muddy soils of the lower Ludlow and Wenlock rocks. They are 
generally more or less impervious to water, and being subject to the drainage 
of the bE beds, form cold and comparatively unmanageable tracts. Itis only 
where the intermediate lime-stones (Aymestry and Wenlock lime-stones) come 
to the surface and mingle their debris with those of the upper and lower rocks, 
that the stiff clays become capable of bearing excellent crops of wheat. This 
fact, however, indicates the method by which the whole of these cold wet clays 
might be greatly improved. By perfect artificial drainage and copious limeing, 
the unproductive soils of the lower Ludlow and of the Wenlock shales might be 
conyerted into wheat lands more or less rich and fertile. Jt unfortunately hap- 
pens, however, that in those districts of North and South Wales, where the 
dark grey or black “votcky” land of the mud-stones prevails, lime is often so 
scarce, or has to be brought from so great a distance, as to render this means of 
improvement almost unattainable. 
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19°. Lower Silurian. 3700 ft. The Caradoc beds consist of thic« 
Caradoc Sand-stones 2500 ayers of sand-stone of various colours, 
Pisideis Flags 1200 ~=—«- resting upon, and covered by, and oc- 


casionally interstratified with, thin beds 
of impure lime-stone. The Liandeilo 
flags which lie beneath them consist of 
thin calcareous strata, in some locali- 
ties alternating with sand-stones and 
shales. 

Exrent.—These rocks form patches of land in Shropshire and the north of 
Montgomery—and skirt the southern and eastern edge of Caermarthen. None 
of the Silurian rocks have yet been found to extend over any large portion of 
either Scotland or Ireland. 

Som.—The Caradoc sand-stone, when free from lime, produces only a 
naked surface or a barren heath. The Llandeilo flags form a fertile and arable 
soil, as may be seen in the south of Caermarthen, where they are best devel- 
oped, and especially on the banks of the 'Towey, which for many miles before 
it reaches the town of Caermarthen runs over this formation. 

In this formation, as in every other we have yet studied, the soil changes im- 
mediately on the appearance of a new rock at the surface. The soil of the 
Wenlock shale is sometimes more sandy as it approaches the Caradoc beds, 
and on favourable slopes forms good arable land and sustains Juxuriant woods, 
but where the Caradoc sand-stones reach the surface, a wild heath or poor 
wood-land stretches over the country, until passing over their edges we reach 
the lime-containing soils of the Llandeilo flags, when fertile arable lands and 
lofty trees again appear.* 


G.—CaMBRIAN SYSTEM. 


20°. Upper 8: Lower Cam- These rocks, which are many thou- 
brian Rocks. sand yards in thickness, consist chiefly 
of thin slates, often hard and cleaving 
readily, like roofing slates, occasionally 
intermingled with sandy and thin lime- 
stone beds. ‘They contain few organic 
remains. 

ExtTeNT.—These rocks cover the whole of Cornwall, part of North and 
South Devon, the western half of Wales, the entire centre of the Isle of Man, 
and a large part of Westmoreland and South Cumberland. In Scotland, they 
form a band between 30 and 40 miles in width, which crosses the island from 
the Mull of Galloway to St. Abbs Head. They form also a narrow stripe of 
land, which recrosses the island along the upper edge of the old red sand-stone 
from Stonehaven to the Isle of Bute, and, further north, spread over a consider- 
able portion of Banffshire. In the south-west of Ireland they attain a great 
breadth, are narrower at Waterford, but form a broad band along the granite 
mountains from that city to Dublin. ‘They extend over a large portion of the 
counties of Louth, Cavan, Monaghan, Armagh, and Down,—form a narrow 
stripe also along the coast of Antrim as far north as the Giant’s Causeway,— 
and, in the interior of Jreland, re-appear in the mountainous district of Tip- 

erary. 
: Soi.—The predominance of slaty rocks in this formation imparis to the soils 
of the entire surface over which they extend one common clayey character. 
They generally form elevated tracts of country, as in Wales, Cumberland, 
Scotland, and Ireland, where the rigours of the climate combine with the fre- 
quent thinness and poverty of the soil to condemn extensive districts to worth- 


* Such a passage from one formation to another is exhibited in the diagrams inserted in 
page 238, 
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Jess heath or to widely extended bogs. Yet the slate rocks themselves, especi- 
ally when they happen to be calcareous, are capable of producing fertile soils. 
Such are found in the valleys, on the hill sides, and by the margins of the lakes 
that are often met with in the slate districts. More extensive stripes or bands 
of such productive land occur also at lower levels, as in the north of Devon, and 
in the south of Cornwall. In the latter county, the soils on the hornblende slate 
(which lies near the bottom of the slate series )are extremely fertile, exhibiting a 
striking contrast with those which are formed from the neighbouring Serpentine 
rocks, that extend over a large area immediately north of the Lizard (sez p. 205.) 

W here the clay-slate soils occur, therefore, however cold and stiff they may 
be, a favourable climate, drainage, if necessary, and lime, either naturally pre- 
sent, or artificially added, appear to be the first requisites to insure fertility. 

The mode in which these rocks lie, or the degree of inclination which the 
beds exhibit, exercises an important influence upon the agricultural character 
of the soils that rest upon them. In the diagram inserted in page 238, the 
rocks (A) represent the highly inclined, often nearly vertical position, in which 
the slate rocks are most frequently found. The soil formed from them must, 
therefore, rest on the thin edges of the beds. Thus it happens in many lo- 
calities that the rains carry down the soluble parts of the soil and of the manure 
within the partings of the slates—and hence the lands are hungry and unprofit- 
able to work. 

On the slopes of the clay slate hills of the Cambrian and Silurian systems, 
flourish the vineyards of the middle Rhine, the Moselle, and the Ahr. 


H.—Mica-Suate snp Gnerss Systems. 


21°. Mica-Slate, Gneiss Rock. The upper of these formations con- 
sists of thin undulating layers of rock, 
consisting chiefly of quartz and mica, 
alternating occasionally with green 
(chlorite) slates, common clay-slates, 
quartz rock and hard crystalline lime- 
stones. The gneiss is a hard and 
solid rock of asimilar nature, consist- 
ing of many thin layers distinetly vi- 
sible, but firmly cemented, and as it 
were half-melted together. 

Extent.—Two-thirds of Scotland, comprehending nearly the whole country 
north and west of the Grampians, consist of these rocks. In England there 
is only a small patch of mica slate about Bolt Head and Start Point in South 
Devon, and a somewhat larger in Anglesey ; but in Ireland, nearly the whole 
of the counties of Donegal and Londonderry on the north, and a large portion 
of Mayo, Connaught, and Galway, on the west, are covered by.rocks belonging 
to the mica slate system. 

Sors.—These rocks are, in general, harder still than those of the Cambrian 
system, and still more impervious to water, when not highly inclined. They 
erumble slowly, therefore, and imperfectly, and hence are covered with thin 
soils, on which, where good natural drainage exists, a coarse herbage springs, 
and from which an occasional crop of corn may be reaped—but on which, where 
the water becomes stagnant, extensive heaths and bogs prevail. That they 
contain, when perfectly decomposed and mellowed, the materials of a fertile soil, 
is shown by the richness of many little patches of land, that occur in the shel- 
tered valleys of the Highlands of Scotland, and by the margins of its many 
lakes. In general, however, the mica-slate and gneiss country is so elevated 
that not only does an ungenial climate assist its natural unproductiveness, but 
the frequent rains and rapid flowing rivers bear down to the bottoms of the val- 
lies or forward to the sea, much of the finer matter produced by the decay of the 
rocks,—leaving only a poor, thin, sandy soil behind. 
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On these hard slate and gneiss rocks extensive pine forests in Sweden and 
Norway have long lived and died. In these countries it is customary in many 
places to burn down the wood, to strew the ashes over the thin soil, to harrow 
in the seed—to reap thus one or two harvests of rye, and to abandon it again to 
nature. A grove of beech first springs up, which is supplanted*by an after- 
growth of pine, and finally disappears. 


Such is a general description of the nature and order of succession of 
the stratified rocks, as they occur in Great Britain and Ireland—of the 
relative areas over wnich they severally appear at the surface—and of 
the kind of soils which they produce by their natural decay. The con- 
sideration of the facts above stated,* shows how very much the fertility 
of each district is dependent upon its geological structure—how much a 
previous knowledge of that structure is fitted to enlighten us in regard to 
the nature of the soils to be expected in any district—to explain anoma- 
lies also in regard to the unlike agricultural capabilities of soils appar- 
ently similar—to indicate to the purchaser where good or better lands 
are to be expected, and to the improver, whether the means of amelio- 
rating his soil by limeing, by marling, or by other judicious admixture, 
are likely to be within his reach, and in what direction they are to be 
sought for. There still remain some important branches of this subject 
to which, at the risk of fatiguing you, it will be my duty briefly to draw 
your attention in the following lecture. 


* For much of the practical information contained in this section, I have to express my 
obligations to the following works:—For the extreme southern counties, to De La Beche’s 
Geological Report on Cornwall and Devon ; and to a paper by Sir Charles Lemon, Bart., on 
the Agricultural Produce of Cornwall ;—for Wales and the Border counties, to Murchison’s 
Silurian System ;--for the Midland counties of England, to Morton on Sozls,a work I have 
in a previous note recommended to the attention of the reader; for Yorkshire, to a paper by 
Sir John Johnston, Bart., in the Journal of the Royal Agricultural Society ;--and for the Old 
Red Sand-stone of the north of Scotland, to the very interesting little work of Mr. Miller on 
The Old Red Sand-stone. The reader would read the above section with much greater 
profit if he were previously to possess himself of Phillip’s Outline Map of the Geology of the 
British Islands. 
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LECTURE Xii. 


Composition of the granitic rocks and of their constituent minerals—-Cause and made of 
their degradation—Soils derived from them—Superficial accumulations—Their fluence 
upon the character of the soils—Organic constituents, ultimate chemical constitution. and 
physica) properties of soils, 


Ir has been stated in the preceding Lecture, (§ 6, p. 237), that the rocks 
which present themselves at the surface of the earth are of two kinds, 
distinguished by the terms stratified and unstratified. The former 
crumble away, in general, more rapidly than the latter, and form a va- 
riety of soils of which the agricultural characters and capabilities have 
been shortly explained. _ The unstratified or crystalline rocks form soils 
of so peculiar a character and possessing agricultural capabilities in 
general so different from those of the stratified rocks which occur in the — 
same neighbourhood, and they, besides, cover so large and hitherto so 
unfruitful an area in our island, as to entitle them to a separate and 
somewhat detailed consideration. 


§ 1. Composition of the Granitic Rocks. 


The name of Granite is given by mineralogists to a rock consisting of 
a mixture more or less intimate of three simple minerals— Quartz, Mica, 
and Felspar. When Mica is wanting, and Hornblende occurs in its 
stead, the rock is distinguished by the name of Syenzte. This mineral- 
ogical distinction is often neglected by the geologist, who describes large 
tracts of country as covered by granitic rocks, though there may be 
many hills or mountains of syenite. In a geological sense, the distinc- 
tion is often of little consequence; in relation to agriculture, however, 
the distinction between a granite and a syenite is of considerable im- 
portance. : 

The minerals of which these rocks consist are mixed together in very 
variable proportions. Sometimes the quartz predominates, so as to con- 
stitute two-thirds or three-fourths of the whole rock, sometimes both 
mica and quartz are present in such small quantity as to form what is 
then called a felspar rock. The mica rarely exceeds one-sixth of the 
whole, while the hornblende of the syenites sometimes forms nearly 
ove half of the entire rock. These differences also are often overlooked 
by the geologist—though they necessarily produce important differences 
in the composition and agricultural characters of the soils derived from 
the crystalline rocks. 

A few other minerals occur occasionally among the granitic rocks, in 
sufficient quantity to affect the composition of the soils to which they 
give rise. Among these, the different varieties of tourmaline are in 
many places abundant. Thus the schorl rock of Cornwall consists of 
quartz and schorl (a variety of tourmaline), while crystals of schorl 
are so frequently found in the granites of Devon, Cornwall, and the 
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Scilly Isles, as to be considered characteristic of a very large portion of 
them (Dr. Boase). 

These rocks decay with very different degrees of rapidity—accord- 
ing to the proportions in which the several minerals are present in 
them, and to the peculiar state of hardness or aggregation in which they 
happen to occur. Both the mode of their decay, however, and the cir- 
cumstances under which it takes place, as well as the character and 
composition of the soils formed from them, are materially dependent 
upon the composition of the several minerals of which the rocks consist. 
This composition, therefore, it will be necessary to exhibit. 

1°. Quartz has already been described (p. 206), as a variety of silica 
—the substance of flints, and of siliceous sands and sand-stones. In 
granite, it often occurs in the form of rock crystal, but it is more frequent- 
ly disseminated in small particles throughout the rocky mass. It is 
hard enough to scratch glass. 

2°. Felspar is generally colourless, but is not unfrequently reddish or 
flesh-coloured. On the colour of the felspar they contain, that of the 
granites most frequently depends. Several varieties of this mineral are 
known to collectors. Besides the common felspar, however, it is only 
necessary to specify Albzte, which, in appearance, closely resembles fel- 
spar, often takes its place in granite rocks, and in chemical constitution 
differs from it only in containing soda, while the common felspar con- 
tains potash. These two minerals are readily distinguished from quartz 
by their inferior hardness. ‘They do not scratch glass, and, in general, 
may easily be scratched by the point of a knife. 

They concist respectively of—- 


Felspar. Albite, 
Slings. oo 6. Phas 69-09 
CN Kihara PR ae HS ps ES: 19-22 
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100-00 100-00 

It is to be observed, however, that these minerals do not generally oc- 
cur in nature in a perfectly pure state—for though they do not essential- 
ly contain either lime, magnesia, or oxide of iron, they are seldom found 
without a small admixture of one or more of these substances. It is also 
found that while pure felspar contains only potash, and pure albite only 
soda, abundance of a kind of intermediate mineral oceurs which contains 
both potash and soda. Such is the case with the felspar of the Siebenge- 
birge, on the right bank of the Rhine (Berthier), and with those con- 
tained in the lavas of Vesuvius and the adjacent parts of Italy (Abich). 

In these two minerals the silica is combined with the potash, soda, 
and alumina, forming certain compounds already described under the 
name of silicates (p. 207). 

Felspar consists of a silicate of alumina combined with a silicate of 
potash. Albite of the same silicate of alumina combined with a silicate 
of soda. 

3°. Mica generally occurs disseminated through the granite insmall 
shining scales or plates, which, when extracted from the rock, split readi- 
ly into numerous inconceivably thin layers. It sometimes occurs also 
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in large masses; and is of various colours—white,; grey, brown, green,. 
and black. It is soft and readily cut with a knife. ‘The thin shining 
particles that occur in many sand-stones, and especially between the 
partings of the beds, and give them what is called a micaceous charac- 
ter, are only more or less weathered portions of this mineral. 
_ Mica also consists of silicates, though i its constitution is not always so 
simple as that of felspar. In some varieties magnesia is present, whilst 
in others it is almost wholly wanting, as is shewn by the following com- 
position of two specimens from different localities. 


Potash. Magnesian. 

Mica. Mica. 
Siltéal ti Hieve. sl. 46d 40-00 
Alumina . ... . 81-60 12°67 
Prot-Oxide of Iron . 8°65 19.03 
Magnesia. . - 2. — 15:70 
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Water. 6°. 2 32 St-00° Titanre Acid T-63 
98-26 97-37 
If we neglect the three last substances, which are present only in small 
quantities, and recollect that the silica is in combination with all the 
other substances which stand beneath it, we see that these varieties of 
mica consist of a silicate of alumina, combined in the one with silicate 
of iron and silicate of potash, and in the other with silicate of iron and 
silicate of magnesia. 
4°, Hornblende occurs of various colours, but that which forms a con- 
stituent of the syenites and of the basalts is of a dark green or brownish 
black colour, is often in regular erystals, and is readily distinguished 
from quartz aud f:Ispar by its colour, and from black mica by not split- 
ting into thin layers, when heated in the flame of a candle. It consists 
of silicates of alumina, lime, maguesia, and oxide of iron, or per cent. 
of— 


Basalti¢ Syenitic 
Hornblende. Hornblende. 

Silicatie wh tswes Bow 42:04 45:69 
AAA at tec wie LEO) 12-18 
itp alcatel series Haren k Soe 13°83 
Magnesia ... - 13-74 18°79 
Prot-Oxide-of a - 14:59 7:32 
Oxide of Maneanens. 0-33 0-22 
Fluoric Acid . . =- 1-50 

97:06 99:53 


A comparison of these two analyses shows that the proportions of 
magnesia and oxide of iron sometimes vary considerably, yet that the 
hornblendes still maintain the same general composition. They are re- 
markably distinguished from felspar by the total absence of potash and 
soda, and by containing a large proportion of lime and magnesia. From 
the potash-mica they are distinguished by the same chemical differen- 
ces, and from the magnesian mica by containing lime to the amount of 
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Ath part of their whole weight. Such differences must materially af- 
fect the constitution and agricultural capabilities of the soils formed from 
these several minerals, and they show the correctness of what I have 
previously stated to you—that mineralogical differences in rocks which 
may be neglected by the geologist, may be of great importance in ex- 
plaining the appearances that present themselves to the philosophical 
agriculturist. 

4°. Schorl usually occurs in the form of long black needles or prisms 
disseminated through the granitic rock, and generally (in Cornwall) at 
the outskirts of the granite, where it comes into contact with the slate 
rocks that surround it (De la Beche). 1 consists of a silicate of alumi- 
na in combination with silicates of iron and of soda or magnesia. ‘T'wo 
varieties gave by analysis— 


Schorl Tourmaline 

from Devonshire. from Sweden. 
SIMA. wins meniiar cauiteekisone 37°65 
ALOMAINGA,) sei oakeeeee at OtOO 33°46 
Magnetic Oxide of Iron, 17:86 9°38 
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Boracics Acidic, ih asnias lili 3°83 
Soda, . » «:*,,- 2-09, Soda & potash, 2:53 
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Tkis mineral, according to these analyses, is characterised by con- 
taining from } to ;), of its weight of magnetic oxide of iron,* and some- 
times ;'5 of magnesia. The presence of Boracic acid} is also a remark- 
able character of this mineral, but as neither the presence of this sub- 
stance in any soil, nor its effect upon vegetation, have hitherto been ob- 
served, we can form no opinion in regard to its importance in an agri- 
cultural point of view. 


§ 2. Of the degradation of the G'ranitic rocks, and of the soils formed 
from them. 


The granites, in general, are hard and durable rocks, and but little af- 
fected by the weather. The quartz they contain is scarcely acted upon at 
all by atmospheric agents, and in very many cases the felspar, mica, 
and hornblende yield with extreme slowness to their degrading power. It 
is chiefly to the chemical decomposition of the felspar that the wearing 
away of granite rocks is due, and the formation of a soil from their crum- 
bling substance. 

It has been stated that the felspars consist of a silicate of alumina in 
combination with silicates of potash or of soda. New these latter sili- 
cates are slowly decomposed by the carbonic acid of the air (see p. 207), 
which combines with the potash and soda, and forms carbonates of these 
alkalies. These carbonates are very soluble in water, and are, there- 


* This oxide is composed of the first and second oxides of iron described in p. 210. 


T Boracic acid occurs in combination with soda inthe common éorazx of the shops. It 
combines with soda, potash, lime, &c., and forms dorates. In the schorl it probably exists 
in such a state of combination. 
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fore, washed away by the first shower of rain that falls. The insoluble 
silica and the silicate of alumina are either left behind or are more slow- 
ly carried away by the rains in the form of a fine powder (a fine porce- 
lain clay), and deposited in the valleys or borne into the rivers and lakes, 
—while the particles of quartz and mica, having lost their cement of fel- 
spar, fall asunder, and form a more or less siliceous sand. 

Granite soils, therefore, on all hanging grownds,—on the sides and 
slopes of hills, that is—are poor and sandy, rarely containing a sufficient 
admixture of clay to enable them to support crops of corn—while at the 
bottoms of the hills, whether on flat or hollow grounds, they are com- 
posed, in great measure, of the fine clay which has resulted from the 
gradual decomposition of the felspar. 

This clay consists chiefly of the silicate of alumina contained natural- 
ly in the felspar—it differs little, in short from that which has already 
been described (p. 161), under the name of pure or pipe clay, which is 
too stiff and intractable to be readily converted into a prolific soil. 

It will readily be understood how such soils—decomposed felspar soils 
—must generally contain a considerable quantity of potash from the 
presence of minute particles of silicate of potash still undecomposed ; 
and it will be as readily seen that they can contain little or no lime, 
since neither in felspar nor in mica has more than a trace of this earth 
been hitherto met with. 

We have seen, however, that hornblende contains from }th to {th of its 
weight of lime, and as the same carbonic acid of the atmosphere which 
decomposes the felspar, decomposes the silicates of the hornblende also, 
it is clear that soils which are derived from the degradation of syenitic 
rocks, especially if the proportion of hornblende present in them be large, 
will contain lime as well as clay and silica. Thus consisting of a great- 
er number of the elements of a fertile soil, they will be more easily 
rendered fruitful also—must naturally be more fruitful—than those 
which are formed from the granites, correctly so called. It is to the pre- 
sence of this lime that the superior fertility of the soils derived from the 
hornblende slates of Cornwall, already adverted to (p. 255), is mainly 
to be ascribed. 

Schorl, as above stated, contains much oxide of iron, and sometimes 
five or six per cent. of magnesia. It decomposes slowly, will give the 
soil a red colour, and though it contain only a trace of lime, yet the ad- 
mixture of its constituents with those of the felspar may possibly amelio- 
rate the quality of a soil formed from the decay of the felspar alone. 

It thus appears that a knowledge of the constitution of the minerals of 
which the granites are composed, and of the proportions in which these 
minerals are mixed together in any locality, clearly indicates what the 
nature of the soils formed from them must be—an indication which per- 
fectly accords with observation. The same knowledge, also, showing 
that such soils never have contained, and never can, naturally, include 
more than a trace of lime, will satisfy the improver, who believes the 
presence of lime to be almost necessary in a fertile soil, as to the first 
step to be taken in endeavouring to rescue a granitic soil from a state of 
nature—will explain to him the reason why the use of lime and of shell 
sand on such soils, should so long have been practised with the best ef- 
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fects,—and will encourage Lim to persevere in a course of treatinent 
which, while suggested by theory, is confirmed also by practice. 

Extent of granitic rocks in Great Britain and Ireland.—In England, 
the only extensive tracts of granite occur in Cornwall and Devon, pre- 
senting themselves here and there in isolated patches from the Scilly 
Isles and the Land’s End to Dartmoor in South Devon. In the latter 
locality, the granite rocks cover an area of about 400 square miles. Pro- 
ceeding northward, various small owl-bursts* of granite appear in the 
Isle of Anglesey, in Westmoreland, and in Cumberland, and_ north of 
the Solway, in Kirkcudbright, it extends over 150 or 200 square miles; 
—but it is at the Grampian Hills that these rocks begin to be most ex- 
tensively developed. With the exception, indeed, of the patches of old 
red sandstone already noticed, nearly the whole of Scotland, north of the 
Grampians—and of the western islands, excluding Skye and Mull, con- 
sists of granitic rocks. 

In Ireland, a range of granite (the Wicklow) mountains runs south by 
west from Dublin to near New Ross—the same rock forms a consider- 
able portion of the mountainous districts in the north-west of Donegal, and 
in the south of Galway—covers a less extensive area in Armagh, and pre- 
sents itself in the form of an isolated patch in the county of Cavan. 

Soils of the granitic rocks.—F rom what has been already stated in re- 
gard to the composition of granite, itis clear from theory that no gene- 
rally uniform quality of soil can be expected to result from its decompo- 
sition, and this deduction is confirmed by practical observation. Whiere 
quartz is more abundant, or where the clay is washed out, the soil is 
poor, hungry, and unfruitful—such, generally, is its character on the 
more exposed slopes of the hills in the Western Isles, and in the north 
of Scotland.—[Macdonald’s Agricultural Survey of the Hebrides, p. 26.] 
In the hollows and levels, where natural drainage exists, stiff clay soils 
prevail, which are often cold and unfruitful, but are capable of amelio- 
ration where the depth of earth is sufficient, by draining and abundaut 
liming or marling. Where there is no natural drainage, vegetable mat- 
ter accumulates, as we have seen to be the case on the surface of allim- 
pervious rocks—and bogs are formed. In the north of Scotland, and in 
treland, and in the high lands of Dartmoor (Devon), these are every- 
where seer in such localities, and it is said that two-thirds of the He- 
brides are covered with peat bogs more or less reclaimable. 

In Cornwall and Devon, the granitic soils (growan soils, as they are 
there called) are observed to be more productive as the hills diminish 
in height. Thus Dartmoor is covered only with heath, coarse grass, 
and peat; while in the Scilly Isles the growan land produces good crops 
of wheat, potatoes, barley, and grass; and the same is observed at 
Moreton Hampstead, in Devon, where tolerable crops of barley are grown, 
and potatoes, which are highly esteemed in the Exeter market (De La 
Beche). No doubt the climate has something to do with these differ- 
ences; but the less the elevation, and the consequent washing of the 
rains, the more of the clay will remain mixed with the siliceous sand ; 


* This expression is in some measure theoretical, and implies—what is the generally re- 
ceived opinion—that the granite rocks were forced up from beneath in a fluid state, like the 
lavas of existing volcanoes—that they, as well as the trap rocks, are, in short, only lavas of 
a more ancient date (see p. 237). 


THE TRAP-ROCKS-—GREEN-STONE. 263 
, t 
while in aid of both these causes, a simall diflerence in the composition 
of its constituent minerals, ofien not to be detected by the eye, may ma- 
terially affect the character of the granitic soils. 

According to Dr. Paris, the presence of much mica deteriorates these 
soils; while that which is formed at the edges of the granite, when it 
comes in contact with the slate rocks, is of a more fertile quality. The 
latter remark, however, does not universally apply,—especially where 
the granite, as at the edges of Dartmoor, contains much schorl, (De La 
Beche)—and the presence of mica, in the richest soils of the red marl, 
would seem to imply that this mineral is fitted materially to promote 
the fertility of a soil in which the other earthy ingredients are properly 
adjusted. 

The more elevated and thin granitic soils are said to be fitted for the 
growth of larch; the lower and deeper soils, which admit of the use of 
the plough, have been found to yield a three-fold return of corn by the 
use of lime alone. 


§ 4. Of the trap rocks, and the soils formed from them. 


Of the trap rocks there are several varieties, of which the most impor- 
tant are distinguished by the names of Greenstone, Basalt, and Ser- 
pentine. 

The Green-stones consist of a mixture more or less intimate of felspar 
and hornblende, or of felspar and augite. They are distinguished from 
the granites by the absence of mica and quartz, and by the presence of 
the hornblende or augite, often in equal, and not unfrequently in greater 
quantity than the felspar. In the granites, the felspar and quartz 1o- 
gether generally form upwards of 4, of the whole mass. 

Augite is a mineral having much resemblance to hornblende, and, 
like it, occurring of various colours. In the trap rocks it is usually of a 
dark green approaching te black. It generally contains much lime and 
oxide of iron in the state of silicates. The composition of two varieties 
compared with that of basaltic hornblende is as follows :— 


Black Augite Augite from the Basaltic 
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The predominance of this mineral (augite) or of hornblende in the 
ereen-stone rocks must necessarily cause a very material difference in 
the nature of the soils produced from their decay, compared with those 
which are formed from the granitic rocks in which the felspars are the 
predominating mineral ingredient. 

2°. Basalt consists of a mixture, in variable proportions, of augite, 
magnetic oxide of iron, and zeolzte.* It differs in appearance from green- 


* “With or without felspar.”’ In addition to augite, magnetic iron, and zeolite, many ba- 
salts contain also a considerable portion of certain varieties of felspar, especially of one ta 
which the name of nepheline bas been given. 

12 
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stone, chiefly by the darkness of its colour, and by the minuteness of the 
particles of which it js composed, which, in general, cannot be distin- 
guished by the naked eye. 

Zeolite is a generic term applied to a great number of mineral species 
which occur in the basalts, and often intermixed with the green-stone 
rocks. hey differ from felspar in their greater solubility in acids, and 
by generally containing lime, where the latter contains potash or soda. 

It may be stated, indeed, as the most important agricultural distinc- 
tion, between the granitic and the true* trap-rocks, that the latter abound 
in lime, while in the former, it is often entirely absent. If in a green- 
stone only one-fourth of its weight consist of augite, every 20 tons of the 
rock may contain one ton of lime. If in a basalt the augite and zeolite 
amount to only two-thirds of its weight, every nine tons may contain a 
ton of lime. The practical farmer cannot fail to conclude that a soil 
formed from such rocks must possess very different agricultural capabil- 
ities from the soils we have already described as being formed from the 
decomposition of the granites. 

3°. Serpentine is a greenish yellow mineral, consisting of silica in 
combination with magnesia and a little iron, and occasionally a few 
pounds in the hundred of lime or alumina. The distinguishing ingredi- 
ent is the magnesia, which generally approaches to 40 per cent. of the 
whole weight of the mineral. Rocks of serpentine are generally mixed 
with magnetic iron ore, and with portions of other minerals in greater 
or less abundauce. 

Extent of the trap rocks in the British Isles——-The serpentine rock oc- 
curs to any extent only in Cornwall, about the Lizard Point, where it 
covers an area of 50 square miles. The green-stones and basalts are 
only met with here and there in small patches, until we get so far north 
as the Cheviot Hills, which consist of these and other varieties of trap. 
It is in the low country of Scotland, however, intermixed with and sur- 
rounding the great coal district of that part of the island, that the greatest 
breadth of trap is seen. It there stretches across the island in a south- 
west direction, and in detached masses, from the Friths of Tay and 
Forth to the island of Arran, covering an area of 800 or 1000 square 
miles. In the prolongation of the same line it re-appears in the north- 
east of Ireland, and extends over the whole of the county of Antrim and 
asmall part of Londonderry and Armagh. In the most northerly portion 
of this tract the well-known columnar basalt of the Giants’ Causeway 
occurs. On the west coast of Scotland the trap rocks cover nearly the 
whole of the islands of Mull and of Skye—to the west of the former of 
which islands lies Staffa with its celebrated basaltic caves. 

Soil of the trap rocks. —The soil of the serpentine rocks at the Lizard 
is far from fertile, retaining the water and thus forming swamps and 
marshes. Even where a natural drainage exists it rarely produces good 
grass, or average crops ofcorn. It is remarkable for growing a pecu- 
liar, very beautiful heath—ertca vagans—which so strictly limits itself 
to the serpentine soil as distinctly to mark the boundary by which the 
serpentine is separated from other rocks (De La Beche). From the 


° Serpentine is not generally included among the true trap rocks: it is included among 
them here as it often is by geologists, because in many places, as at the Lizard, it occurs 
along with true green-stone, 
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composition of serpentine we might be led to suppose that the compara- 
tive barrenness of the soils formed from it is due to the large quantity 
of magnesia which this mineral contains ; and this may, in some cases, 
be partly the cause. It would appear, however, that these soils often 
contain very little magnesia, the long action of the rains and of other 
agents having almost entirely removed it (see p. 209), and yet they still 
retain their barrenness. But they contain no lime, and, therefore, after 
draining, the first great step to take in order to improve such soils, is to 
give them a good dose of lime. How this step is to be followed up will 
depend upon the effect which this treatment is found to produce. 

‘The soil of the green-stones is generally fertile, and it is more so in 
proportion as the hornblende or augite predominates—that is, generally, 
in proportion to the darkness of its colcur. 

In Cornwall and South Devon, where scattered masses of trap occur, 
consisting chiefly of hornblende and felspar, they ‘‘atford the most fertile 
seils of any in the district when their decomposition has taken place to 
a suflicient depth” (De La Beche). Wherever the trap rocks (locally 
dun-stones) are observed at the surface, ‘+ it is deemed a fortunate cir- 
cumstance, bemg a certain indication of the fertility of the incumbent 
soils.”"—{ Worgan’s View of the Agriculture of Cornwall, p.10.] The 
superior fertility of the neighbourhood of Penzance is owing to the pre- 
sence of these rocks (Dr. Paris), and where their detritus has been mix- 
ed with that of other rocks—as with the worthless granite soils—it ame- 
liorates and improves their quality. 

The same general character is exhibited by the trappean soils of other 
districts of the island. The height of the Cheviot Hills renders the cli- 
mate in many places unfavourable to arable culture, yet they produce 
uve sweetest pasture,* while the low country around them has been 
largely benefitted by admixture with their crumbling fragments. The 
whole of that lewland tract of Scotland, over which these rocks extend— 
comprehending the counties of Ayr, Renfrew, Lanark, Linlithgow, 
Fife, and portions of Perth, Sterling, Edinburgh, and Haddington,—ex- 
hibit the fertile or fertilizing character of the decomposing green-stone. 
in Cornwall it is dug up as a marl and applied to the land, and in the 
neighbourhood of Haddington I have seen a farming tenant (a leasehold- 
er) removing twelve inches of trap soil from the entire surface of a field, 
for the purpose of spreading a layer of an inch in depth over twelve 
times the area in another part of his farm. There can be no doubt that 
this mode of improvement is within the reach of many proprietors and 
farmers—especially along the southern borders of Perthshire, and near 
the more elevated of Ayr and Lanark. 

To the north of Ireland, and to the Western Islands, the above re- 
marks, with slight modifications, arising from local causes, will also ap- 
ply. For example, where the surface is flat, and the rock impervious, 
water will collect and heaths and bogs will be produced, which only 


* It is a singular fact observed here and there among the Cheviot Hills on the border, that 
where sheep are folded or pastured on hills of trap which are covered with delicate herbage, 
they are attacked by what is locally called the pining il/,—they pine away, become indolent, 
an(dare unwilling to move. The cure is todrive them to a neignbouring sazd-store pasture, 
where they become again active, and begin to thrive. The pining hills on each farm are 
weil known, and the tenant has no hesitation in pointing to this and to that hill as those on 
which the sheep are sure to pine, if kept upon them oniy, 
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draining can remove. They apply aiso to other countries where trap 
rocks abound—the only fertile tracts of Abyssinia, for ins'anee, being 
found in vallies and on mountain slopes, where the soil is composed of 
the detritus of trappean rocks (Dr. Riippell , 

Yet there are exceptions to this general rule. 

Where the felspar is largely predominant, the soil formed from the 
rock will partake more or less of the cold and barren character of the 
suffer granitic soils. Such appears to be the case with some of the traps 
which occur in the border counties of England and Wales (Murchison). 

In the Isle of Skye, again, a local peculiarity of a different kind ob- 
tains, the effect of which upon the soil is also to render it poor and un- 
productive. In that island the singularly beautiful ridge of the Cuchul- 
len Hills consists of a variety of trap in which the augite so far predomi- 
nates as to form nearly tne whole of the mountain masses, But the 
augite in this case is a variety to which the name of hypersthene has 
been given, and which contains much magnesia and oxide of iron, but 
scarcely a trace of either lime or alumina. The rock is very hard, and. 
decays with extreme slowness; yet however rapid its decay might be, 
it could never produce a fertile soil. We have seen that the serpentine 
and granite soils are essentially deficient in lime, but a hypersthene soil 
isin want both of lime and of clay. It would be still more difficult, 
therefore, to render the latter productive—even supposing, as in the case 
of the serpentine soils, that the magnesia of the hypersthene* were most- 
ly washed away by the rains. 

Thus we perceive how eaetly the study of the composition of the dif- 
ferent varieties of the trap rocks explains the observed differences in the 
quality of the soils derived from them. When the minerals they contain 
abound in lime, the soils they yield are fertite—when those minerals 
predominate in which lime is wanting, the soils are inferior, sometimes 
scarcely capable of cultivation. Again, the granites abound in potash ; 
but except in the syenites they rarely contain lime, and their soils are 
generally poor. Let them be mixed with the trap soils, and they are 
enriched. This would seem fairly and clearly to imply that the fertility 
of the one is mainly due to the presence of lime, and the barrenness of 
the other to the absence of this earth. 

On this subject I will only further add, that the more modern voleamie 
lavas which overspread Italy, Sicily, paris of France, Spain, and Ger- 
many, are closely related to the trap rocks in their general composition 
—and the fertility which overspreads thousands of square miles of de- 
composed lava streams and ejections of volcanic ashes in Italy and Si- 
cily, is too well known to require any detailed description. 


§5. Of superficial accumulations of foreign materials, and of the means 
by which they have been transported. 


Abundant proof, I think, has now been advanced that a close relation 


" The hypersthene of Skye has been found to consist of— 
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The composition probably varies in different parts of the rock, some containing more mag- 
nesia and less iron than is here represented. 
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generally exists between the soil and the rocks on which it rests, and 
that the geological structure of a country, as well_as the chemical consti- 
tution of the mirerals of which its several rocky masses consist, have a 
primary and fundamental influence upon the agricultural capabilities of 
its surface. 

And yet I should be leading you into a serious error, were I to permit 
you to suppose that this intimate and direct relation is always to be ob- 
served—that in whatever district you may happen to be, you will find 
the soil taking its general character from the subjacent rocks—and that 
where the same rocks occur, similar soils are always to be expected. 
On the contrary, in very many localities the soil is totally different from 
that which would be produced by the degradation or decomposition of 
the rocks on which it rests. ‘T’o infer, therefore, or to predict, that on a 
given spot, where, according to the geological map, red sand-stone for 
example prevails, a marly or other red sand-stone soil will necessarily 
be found—or that where the coal measures are observed, poor, ungrate- 
ful land must exist—would be to form or to state opinions which a visit 
to the several localities would in many instances show to be completely 
erroneous—and which would bring undeserved discredit upon geologi- 
cal science. 

In such cases as these geology is not at fault. New conditions only 
have supervened which render the natural relation between soils and 
recks in those places less simple, and consequently more obscure. Yet 
a further study of geological phenomena removes the obscurity—shows 
to what cause it is owing that in many districts the soil is such as could 
never have been formed from the subjacent rocks—again places the en- 
lightened agriculturist in a condition to pronounce generally from what 
rocks his soils have been derived—generally also what their agricultural 
capabilities are likely to be, and by what mode of treatment those capa- 
bilities may be most fully developed. 

Of the surface of Great Britain and Ireland it may indeed be truly 
said, that it exhibits extensive tracts in which the character of the soil is 
directly influenced by, and may be inferred from, the character and 
composition of the subjacent rock. To these districts the rules and ob- 
servations contained in the preceding sections directly and clearly apply. 
But other extensive tracts also occur in which the character of the soil is 
independent of that of the-rocks on which it immediately rests—the 
cause of this apparent difficulty we are now to consider. 

1°. I have already had occasion to explain to you in what way all 
rocks crumble more or less rapidly, and give origin to soils of various 
kinds. Were the surfaces of rocks uniformly level, and that of every 
country flat, the crumbled materials would genefally remain on the spots 
where they were formed. But as already shown in the diagrams, in- 
serted in page 238, the rocks rarely lie in a horizontal position, 
but rest almost always more or less on their edges; and the surface in 
such a country as ours is often mountainous or hilly, and everywhere 
undulating. Hence the rains are continually washing off the finer par- 
ticles from the higher, and bearing them to the lower grounds—and on 
occasions of great floods, vast quantities even of heavy materials are 
borne to great distances, and spread sometimes to a great depth and over 
a great extent of country—[ witness the still recent floodsin Morayshire. ] 
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Thus the spoils of one rocky formation are borne from their native soil, 
and are strewed over the surface of other hinds of rock of a totally dit- 
ferent character. The fragments of the granite, gneiss, and slate rocks 
of the high lands are scattered over the old red sand-stones which lie at 
a lower level—and those of the blue lime-stone mountains over the mill- 
stone grits, the coal measures, aud the new red sand-stones, which stretch 
away from their feet. 

2°, But the effects produced by this natural cause, though they may 
be judged of in kind, can never be estimated in degree by what we per- 
ceive in our own temperate climates—in our country of small rivers and 
gentle rains. How must such effects exceed in magnitude, in districts 
where,—as in the Ghauts, that separate the level land of the Malabar 
coast (the Concan) from the high table-land of the Decean,—120 inches 
of rain occasionally fall ina single month, and 240 inches or 20 feet, on 
an average, every year from June to September! And to what vast 
distances must materials be transported by great rivers, such as the Mis- 
sissippi, the River of Amnazons, the Ganges, and the Indus, which main- 
tain a course of thousands of miles, before they empty themselves into 
the sea? What necessary connection can the deposits of mud and sand 
which yearly collect at the mouths and in the places overflowed by the 
waters of these great rivers, have with the nature of the rocks on which 
these transported materials may happen to rest? 

But the constant motion of the waters of the sea washes down 
the cliffs on one coast, and carries away their ruins to be deposited, either 
in its own depths, or along other mure sheltered shores. Hence sand 
banks accumulate—as in the centre of our own North Sea: or the land 
gains upon the water in one spot what it loses’ in another—as may be 
seen beth on the shores of our own island, and on the oppssite coasts of 
Germany and France. 

What necessary relation can the soils thus gained from the sea have 
to the rocks on which they rest?) Suppose the bottom of the North Sea 
to become dry ijand, what necessary mineral relation would then exist 
between the soils which would gradually be formed on its hundreds of 
square miles of sand-banks, and the rocks on which those sand-banks 
immediately repose? 

4°. Again, the sea, in general, carries with it and deposits in its owr 
bosom the finest particles of clay, lime, and other earthy matters, and 
leaves along its shores accumulations of fine siliceous sand. This sand, 
when dry, the sea winds bear before them and strew over the land, form- 
ing sand hills and downs, sometimes of considerable height and of great 
extent. Such are to be seen here and there, in our own islands, but on 
the Eastern shores of tlfe Bay of Biscay, and on the coasts of Jutland,— 
both exposed to violent sea winds,—they occur over much larger areas. 
Before these winds the light sands are continuaily drifting, and, year by 
year, advance further and further into the country, gradually driving 
lakes before them, swallowing up forests and cultivated fields, with she 
houses of the cultivators, and burying alike the fertile soils and the rocks 
from which they were originally derived. [In the Landes, the ad- 
vance of the downs is estimated at 66 to 70 feet every year.] 

You have all read of the fearful sands of the African deserts, and of 
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their destructive march when the burning winds awaken. History tells 
of populous cities and fertile plains, where nothing but blown sands are 
now to be seen, and geology easily leads us back to still more remote 
periods, when the broad zones of sandy desert were but narrow stripes 
of blown sand along the shores of the sea, or beds of comparatively loose 
sand-stone, which here and there came to the surface, and which the 
winds have gradually removed from their original site, and wafted widely 
over the land. 

Wherever these sand-drifis spread, it will also be clear to you, that 
there may be no necessary similarity between the loose materials on 
the surface and the kind of rock over which these materials are strewed. 

5°. Along with these I shall mention only one other great agent by 
which loose materials are gradually transported to considerable dis- 
tances. 

It is observed in elevated countries, where the suow never entirely 
melts, and where glaciers or sheets of ice hang on the mountain sides,—— 
descending towards the plains as the winter’s cold comes on, and again 
retreating towards the mountain-tops at the approach of the summer’s 
beat—that the edges of the glaciers bear before them into the valleys, and 
deposit along their edges, banks of conical ridges of sand and gravel 
(Moraines). These consist of the fragments of the rocky heights, worn 
and rounded by the friction of the sheets of ice beneath which they 
have descended from above, and from the edges of which they finally 
escape into the plain. 

These ridges of sand and gravel accumulate till some more sudden 
thaw than usual, or greater summer’s heat arrives, when they are more 
or less completely broken up by the rush of water that ensues, and are 
dispersed over the subjacent tracts of level land. ‘ 

When the rocks are of a kind to rub down so fine as to form much 
mud as well as sand or gravel, the ridges are of a more clayey charac- 
ter. And where the edges of the glaciers descend to the borders of lakes 
or seas—as in the Tierra del Fuega—this mud is washed away and 
widely spread by the waters, while the gravel and sand remain nearer 
their original site; or, finally, when the ice actually overhangs the wa- 
ter, huge fragments break off now and then—loaded with masses of gra- 
vel and sand, or even with rocks of large size,—which fragments float 
away often to great distances and drop their stony burdens here and 
there, as they gradually melt and disappear. 

To these facts, let it be added, that recent geological researches, of a 
very interesting kind, tend to show that nearly all the elevated tracts of 
country in the temperate regions of Europe and America—in our own 
island among other localities—have been covered with glaciers at a 
comparatively recent period, (geologically speaking,) and that these gla- 
ciers have gradually retreated step by step to their present altitudes, 
halting here for a time, and lingering there ;—and we shall find reason 
to believe that traces of transported materials—moved from their origi- 
nal site by this agent also—are to be looked for on almost every geolo- 
gical formation. 

And such the geological observer finds to be in reality the case. 
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§ 6. Of the occurrence of such accumulations in Great Britain, and of 
their influence in modifying the character of the sovl. 


Such accumulations, for example, present themselves over a large 
portion of our own island. ‘Thus, in Devonshire, the chalk and green 
sand are so completely covered by gravels, consisting of the fragments 
of older rocks from the higher grounds, mixed with chalk-flints and 
chert, that nearly the whole of this tract possesses one common charac- 
ter of infertility, and is widely covered with downs of furze and heath 
(De La Beche.) In like manner the chalk, green sand, and plastic clay 
of a large portion of Norfolk and Suffolk, and of parts of the counties of 
Essex, Cambridge, Huntingdon, Bedford, Hertford, and Middlesex, are 
covered with till, (stiff unstratified clay,) containing large stones, (boul- 
ders,) or with gravels, in which are mixed fragments of rocks of various 
ages, which must have been brought from great distances, and perhaps 
from different directions (Lyell.) So over the great plain of the new 
red sand-stone, in the centre and west of England—in Lancashire, 
Cheshire, Shropshire, Staffordshire, and Worcestershire—drifted gra- 
vels of various kinds are widely spread. It may indeed be generally 
remarked, that over the bottoms of all our great vallies, such drified 
fragments are commonly diffused—that upon our wider plains, they are 
here and there collected in great heaps—and that on the lower lands that 
border either shore of our island, extensive deposits of clay, sand, or gra- 
vel, not unfrequently cover to a great depth the subjacent rocks. 

The practical agrieulturist will be able to confirm this remark, in 
whatever district almost he may live, by facts which have come within 
his own knowledge and observation. | shall briefly explain, by way of 
illustration, the mode in which such accumulations of drifted matter 
overlie the eastern or lower half of the county of Durham. 

The eastern half of the county of Durham reposes, to the north of the 
city of Durham, chiefly upon the coal measures, (sand-stones and shales;) 
to the south, chiefly on the magnesian lime-stone and the new-red sand- 
stone. ‘hese coal measures rise, here and there, into considerable eleva- 
tions, as at Gateshead Fell near Newcastle, and Brandon Hill near Dur- 
ham, where the rocks lie immediately beneath the surface, and are coy- 
ered by comparatively little transported matter. The magnesian lime- 
stone, also, in many localities, starts up in the form of round hills or ridges, 
on which reposes only a poor thin soil, formed in great measure by the 
crumbling of the rock itself. Yet, generally speaking, this entire dis- 
trict is overspread with a thick sheet of drifted matter, consisting of 
clays, sands, and gravels. 

This drift is made up of three separate layers, to be observed more or 
less distinctly in taking a general survey of the county, though there are 
few spots where they can all be seen reposing immediately one over the 
other. 

1°. The upper layer consists of clays—on the higher grounds, poor, 
stiff, yellow—on the hill-sides and slopes of the valleys, often darker in 
colour—but almost everywhere full of rounded trap boulders* from a few 

* In some parts of Northumberland these trap boulders are still more numerous. Inthe 
country which stretches between the north and south Tyne, the old grass fields are full of 
them. A friend of mine informs me that in ploughing outa nine-acre field on his estate in 


that district, there were dug out and carried off no less than 900 tors of such rolled stones 
great and small! 
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pounds to many tons in weight. These are generally dug up when they 
obstruct the plough, and are sold for mending the roads at about 5s. a 
ton. This clay Varies in depth, from one or two, to fifty or sixty feet. 

2°. Beneath the clay occurs an accumulation of fine, generally yel- 
low, more rarely red, sand, intermixed with occasional layers and 
round hills of gravel—with frequent black streaks of rounded coal dust, 
and here and there with nests of rounded lumps of coal, from half an 
inch to five or sixinchesin diameter. This coal is sometimes so abun- 
dant as to be collected and sold for burning. 

The gravels, where they overlie the coal measures, consist chiefly of 
rounded, and on the upper part occasionally of large angular masses 
of coal sand-stones—with here and there a fragment of trap, of 
mountain lime-stone, or of some of the older rocks to be met with in 
the mountainous districts towards the west. Over the magnesian lime- 
stone, however, in the south-eastern division of the county, towards the 
foot of the south-eastern slope of the magnesian lime-stone hills, the gra- 
vels which exhibit in some places (Wynyard) an irregular stratification, 
contain many rounded masses of magnesian lime-stone, and even of 
new-red sand-stone—the evident debris of adjacent rocks long ago bro- 
ken up. 

3°. The undermost layer which rests inimediately upon the subjacer 
rocks consists of a stiff unstratified blue clay often full of trap boulders 
but containing also occasional large rounded masses of blue lime-stone 
—and smaller pebbles of quartz, of granite, and of the older slate rocks. 
In many localities this clay is wanting, and the sands or gravels rest im- 
mediately upon the carboniferous or magnesian lime-stone rocks—while 
in some tracts, both this and the upper clay appear to degenerate ‘into a 
stony most unmanageable clayey gravel. I am not aware that the 
large whin (trap) boulders are ever met with in the beds of sand. 

The following diagram exhibits the mode in which these drifted mate- 
rials present themselves in the neighbourhood of the city of Durham. 
The cross (+) indicates very nearly the site of Durham on the banks of 
the river Wear. 


No. 1 represents the coal measures. 

2. The lower new-red sand-stone, here soft and pale yellow. 

3. The magnesian lime-stone rising into a high escarpment from 3 te 
6 miles south of the city. 

4. Yellow loose sand—with rolled sand-stones and coal-drift—occa- 
sionally stratified. It forms the numerous picturesque round bills in the 
neighbourhood of the city, and varies from a few feet to not less than 120 
feet in thickness. 

5 is the upper clay, with boulders. N_ indicates Framwellgate 
Moor, where it is only a few feet thick. At S, on the southern slope of 
the escarpment, it some’imes rests immediately on the rock as here re- 
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presented—in which case it is difficult to decide whether it should be con- 
sidered as the under or the upper clay—though in other spots both sand 
and clay, or gravel and clay, present themselves. 

It will at once occur to you from the inspection of this diagram, that 
the general character of the soil in the county of Durham, wherever 
such accumulations of drifted matter occur, is not to bejudged from the 
nature of the rocks on whieh they are known to rest. 

Another fact, not unworthy of your attention, is the rapid alternations 
of light and heavy soil, of sands or gravels and clays, whieh present 
themselves in the same district, ] may say in the same farm, and often 
in the same field. This arises from the irregular thickness of the de- 
posit of sand or gravel over which the upper clay rests. The surface 
of this sand is undulating, as if it had formed a country of round hills 
before the clay was deposited upon it. This appears in the following 
diagram, which represents the way in which the several layers are seen 
to occur in the Crindon cut on the Hartlepool railway :— 


Here 1 is the magnesian lime-stone, not visible; 2, the under clay. 
with boulders; 3, the sand rising in round hills, and here and there 
piercing to the surface ; and 4, the upper boulder clay. 

In the county of Durham it is a very usual expression that the tops 
of the hills are light turnip soil—but that they fall eff to clay. Both the 
meaning and the cause of this are explained by the above diagram. 

Nor is this mode of occurrence rare among the alternate sands and 
clays of which the superficial accumulations in various parts of the 
country consist. Nearly the same circumstances give rise to the rapid 
changes so frequently observed in the character of the soil, as we pass 
from field to field, not in this county only, but in various other parts of 
our island. 


§ 7. How far these accumulations of drift interfere with the general 
deductions of Agricultural Geology. 

Thus it appears, that over the eastern half of-the county of Dur- 
ham, and over large portions of other counties, the soils are found to 
rest upon and to derive their character from accumulations of drifted 
materials more or less different in their nature from the rocks that lie 
beneath. 

But in the preceding lecture I have endeavoured to show you that 
soils are derived from the rocks on which they rest, and to impress upon 
you the close general relation which exists between the kind of rocks of 
which a country is composed, and the kind of soils by which its surface 
is overspread. 

How are these apparent contradictions to be reconciled? How is any 
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degree of order to be evolved out of this apparent confusion? Are the 
general indications of agricultural geology (Lecture xi., § 8, )still, in any 
degree, to be relied upon? 

They are, and for the following, among other reasons : 

1°. It is still generally true that where a considerable extent of coun- 
try rests upon any known rock, the soil in that district derives its usual 
character from the nature of that rock. Thus though large portions of 
Cheshire and Lancashire are covered with drift, yet the soil of these 
counties, taken as a whole, has the general characters of the soils of 
ithe new-red sand-stone, which in that part of England is so largely de- 
veloped. 

2°. Where the drift overspreads any large area, it is found to become 
gradually mixed up with the fragments, large and small, of the rocks 
upon which it reposes. Thus in the neighbourhood of Durham, the 
round hills of sand and gravel with intermingled coal consist in great 
part of the ruins of the sand-stones of the country itself—while the 
clays, no doubt, are partly derived from the shale beds which occur in- 
termingled with the sand-stones of the same coal measures. Hence the 
soils of the northern half of this county, in general, still partake of the 
usual qualities of those of the coal measures and mill-stone grit (pp. 
249 and 250). In the western and higher part of the district they lie 
more immediately on the rocks frop: which they have been derived, 
While on the eastern half they rest on 2 mixture of the accumulated 
ruins of the same rocks, which have been transported by natural agents 
toa greater or less distance from tbeir natural site. 

It is true that there are mixed up with these many portions of other 
rocks brought from a still seater distance, but these bear but a small 
proportion to the entire Mass, and hence have, generally speaking, but 
little influence in aering the mineral character of the whole. 

3°. It may jedeed be stated as generally true, that the greater propor- 
tion of the «ansported materials which lie upon any spot has been 
brought edly a comparatively small distance. ‘Thus the sands and gra- 
vels ia the county of Durham—to the west of the magnesian lime- 
sione—consist chiefly of the fragments of the coal measures. East and 
south of the magnesian lime-stone escarpment (diagram, p. 271), they 
become mixed with rounded masses of this lime-stone. On the new- 
red sand-stone of the south-east of the county, they consist chiefly of 
magnesiap lime-stone mixed with fragments of the red sand-stone— 
and on crossing the Tees, the debris of the lias hills begins to appear 
among them. 

In countries, therefore, where drified sands and gravels prevail on the 
surface, they generally consist of the fragments of rocks which lie at no 
great distance—generally towards the higher ground—the natural ten- 
dency being for the debris of one kind of rock, or of one formation, to 
overlap to a greater or less extent the surface of the adjoining rock or 
formation. By this overlapping, the geographical position of a given 
soil is removed to a greater or less distance beyond the line indicated by 
the geological position of the rocks from which it is derived. Thus, a 
coal measure soil may overspread part of the magnesian lime-stone— 
a red sand-stone soil may partially cover the lias, and so on—the general 
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characters and distinctions of the soil peculiar to each rock being still 
preserved beyond the spaces upon which they have been accidentally 
intermingled. 

4°, Tothis, and to each of the other statements above made, there are 
many local exceptions. Jor instance, what is true of sands and gravels, 
will not so well apply fo the fine mud of which many clays are formed. 
Once commit these to the water, and if it has any motion, they may be 
transported to very great distances from their original site. Rivers, 
lakes, and seas, are the agents by which these extensive diffusions are 
effected. The former produce what are called alluvial formations or de- 
posits; which are generally rich in all the inorganic substances that 
plants require, and hence yield rich returns to the agricultural labourer. 
They are usually, however, distinguished, and their boundaries marked, 
by the geologist—so that the soils which repose upon them do not con- 
tradict any of the general deductions he is prepared to draw, in regard to 
the general agricultural capabilities of a country, from the kind of rocks 
of which it consists. 

Thus though the occurrence of extensive fields of drift over various 
parts of almost every country, does throw some further difficulty over 
the researches of the agricultural geologist, and requires from him the 
application of greater skill and caution before be pronounce with cer- 
tainty in regard to the agricultural capabilties of any spot before he visit 
it—yet it neither contradicts the general deductions of the geologist nor 
the special conclusions he would be entitled to draw in regard to the 
ability of any country, when rightly cultivated, to maintain in comfort 
a more or less numerous population. The political economist may still, 
by a survey of the geological map of a country, pronounce with sone 
confidence to what degree the agricultural riches of that country might 
by industry and skill be brought—and which districs of an entire conti- 
nent are fitted by nature to maintain the most abunant population. 
The intending emigrant may still, by the same means, say <4 what new 
Jand he is most likely to find a propitious soil on which to €zyend his 
labour—or such mineral resources as will best aid his agriculturat pyr- 
suits ;—while a careful study of the geological map of his own country 
will stili enable the skilful and adventurous farmer to determine in what 
counties he will meet with soils that are suited to that kind of practice 
with which he is most familiar—or which are likely best to reward 
him for the application of the newest and most approved methods of 
culture. 

Still there are some aids to this kind of knowledge yet wanting. We 
have geological maps of all our counties, in which the boundaries of the 
several rocky formations are more or less accurately pointed out, and 
from these maps, as we have seen, much valuable agricultural informa- 
tion may be fairly deduced. We have also agricultural maps of many 
counties, compiled with less care, and often with the aid of little geolo- 
gical knowledge, as that of Durham in Bailey’s ‘ View of the Agricul- 
ture of the County of Durham,’ published in 1810. But agriculture 
now requires geological maps of her own—which shall exhibit not only 
the limits of rocky formations, but also the nature and relative extent 
of the superficial deposits (drifts), on which the soils so ofien rest, and 
from which they are not unfrequently formed. These would afford a 
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sure basis on which to rest our opinions in regard to the agricultural ca- 
pabilities of the several parts of a county in which, though the rocks are 
the same, the soils may be very different. To the study of these drifted 
materials, in connection with the action of ancient glaciers (p. 269), the 
attention of geologists is at present much directed, and from their labours 
agriculture will not fail to reap her share of practical benefit—the geolo- 
gical survey, also, so ably superintended by Mr. De La Beche, is col- 
lecting and recording much valuable information in regard to the agri- 
cultural geology of the southern counties—but it is not unworthy the con- 
sideration of our leading agricultural societies—whether some portion of 
their encouragement might not be beneficially directed to the preparation 
ofagricultural maps, which should represent, by different colours, the agri- 
cultural capabilities of the several parts of each county, based upon a 
knowledge of the soils and sub-soils of each parish or township, and of 
the rocks, whether near or remote, from which they have been severally 
derived. 

Before leaving this subject, I will call your attention to one practi- 
cal application of this knowledge of the extensive prevalence of drifts, 
which is not without its value. Being acquainted with the nature of the 
rocks in a country, and with its physical geography—that is, which of 
these rocks form the hills, and which the valleys or plains—we can pre- 
dict, in general, that the materials of the hills will be strewed toa greater 
or less distance over the lower grounds, and that these lower soils will 
thus be more or less altered in their mineral character. And when the 
debris of the hills is of a more fertile character than that of the rocks 
which form the plains, that the soils will be materially improved by this 
covering :—the soil of the mill-stone grit, for example, by the debris of 
the mountain lime-stone, or of a decayed green-stone or a basalt. On 
the other hand, where the higher rocks are more unfruitful, and the low 
lands are covered with sterile drifted sands brought down from the more 
elevated grounds—a knowledge of the nature of the subjacent rock may 
at once suggest the means of ameliorating and improving the unpromis- 
ing surface-drift. Thus the loose sand of Norfolk is fertilized by the 
subjacent chalk marl; and even sterile heaths (Hounslow), on which 
nothing grew before, have, by this means, been made to produce luxu- 
riant crops of every kind of grain. 


§ 8. Of superficial accumulations of Peat. 


Of superficial accumulations, that of peat is one which, in the United 
Kingdom, covers a very large area. In Ireland alone, the extent of bog 
is estimated at 2,800,000acres. Noneofthe drified materials we have con- 
Sidered, therefore, would appear so likely to falsify the predictions of the 
geologist, who should judge of the soils of such a country from informa- 
tion in regard to the rocks alone on which they rest—from a geological 
map for example—as the occurrence of these peat bogs. Yet there are 
certain facts connected with the formation of peat, which place him in 
some measure on his guard in reference even to accumulations of vege- 
table matter such as these. 

1°. There is a certain range of temperature within which alone peat 
seems capable of being produced. Thus, at the level of the sea, it is 
never found nearer the equator than between the 40° and 45° of latitude; 
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while its limit towards the poles appears to be within the 60th degree. 
It is a product, therefore, chiefly of the temperate regions. 

Still, on the equator itself, at a sufficient altitude above the sea, the 
temperature may be cool enough to permit the growth of peat. Hence, 
though on the plains of Italy no peat is formed, yet, on the higher Ap- 
penines, it may be here and there met with, among the marshy basins, 
and on the undrained mountain sides. 

2°. The occurrence of stagnant water is necessary for the production 
of peat. Hence, on impervious beds of clay, through which the rains 
and springs can find no outlet, the formation of peat may be expected. 
Thus on the Oxford clay repose the fens of Lincoln, Cambridge and 
Huntingdon (p. 245). On impervious rocks also, peat bogs form for a 
similar reason. The new-red sand-stone is occasionally thus impervi- 
ous, and on it, among other examples, repose the Chat moss, the tract of 
peat, mostly in cultivation, which lies west of a line drawn between 
Liverpool and Preston, and the large extent of boggy country which 
stretches round the head of the Solway Firth. On the old red sand- 
stone, the mountain lime-stone, the slate, and the granite rocks, much 
peat occurs, and it is on these latter formations that the extensive bogs of 
Scotland and Ireland chiefly rest. 

But though these two facts are of some value to the politician and to 
the geologist in indicating in what countries and on what formations peat 
may be expected to occur, yet they are of comparatively little impor- 
tance to the practical agriculturist. It is of far more consequence to 
him that the moment he casts his eye upon the face of a country he can 
detect the presence or absence of peat—that none of the perplexities 
which beset the nature and origin of other superficial accumulations at- 
tach to this—that he can, at once, judge both of its source and of its agri- 
cultural capabilities. Though produced on a given spot, because rocks 
of a certain character exist there, yet its origin is always the same—its 
qualities more or less uniform,—the improvement of which is susceptible 
in some measure alike,—and the steps by which that improvement is to 
be effected, liable to variation, chiefly according as this or that amelio- 
rating substance can be most readily obtained. _ 


LECTURE XIII. 


Exact chemical constitution of soils—their organic constituents—Analysis of soils—Compo- 
sition of certain characteristic soils—Physical characters of soils. 


IN the two preceding lectures we have considered the general consti- 
tution and origin of soils, and their relation to the geological structure of 
the country in which they are found, and to the chemical composition of 
the rocks on which they rest. We have also discussed some of the 
causes of those remarkable differences which soils are known to present 
in their relations to practical agriculture. But a more intimate and pre- 
cise acquaintance with the chemical constitution of soils is not unfre- 
quently necessary to a complete understanding of the causes of these dif- 
ferences—of the exact effect which its chemical constitution has upon the 
fertility of a soil—and of the remedy which in any given circumstances 
ought to be applied. 

Some persons have been led to expect too much from the chemical 
analysis of asoil, as if this alone were necessary at once to explain all its 
qualities, and to indicate a ready method of imparting to it every desir- 
able quality,—while others have as far depreciated their worth, and have 
pronounced them in all cases to be more curious than useful.—|Boussin- 
gault, ‘ Annal. de Chim. et de Phys.’ Ixvii., p. 9.] The truth here, as 
on most other subjects, lies inthe midd!e between these extreme opinions. 

If you have followed me inthe views I have endeavoured to pressupon 
you in regard to the necessity of inorganic food to plants—which food 
can only be derived from the soil, and which must vary in kind and 
quantity with the species of crop to be raised,—you will at once perceive 
that the rigorous analysis of a soil may impart most valuable knowledge 
to the practical man in the form of useful suggestions for its improvement. 
lt may indeed show that to apply the only available substances to the 
soil which are capable of remedying its defects, would involve an expense 
for which, in existing circumstances, the land could never give an equiva- 
lent return. Yet even in this latter case the results of analysis will not be 
without their value to the prudent man, since they will deter him from 
adding to his soil what he knows it already to contain, and will set him 
upon the searek after some more economical source of those ingredients 
which are likely to benefit it most. 

It will be proper, therefore, to turn our attention briefly to the conside- 
ration of the exact chemical constitution of soils. 


§1. Of the exact nature of the organic constituents of soils, and of the 
mode of separating them. 


We have already seen in Lecture XI., p. 229, that all soils contain a 
greater or less admixture of organic—chiefly vegetable—matter, the 
total amount of which may be very nearly determined by burning the 
dried soil at a red heat till all blackness disappears (p. 233). But this 
vegetable matter consists of several different chemical compounds, the 
nature and relative weights of which it is occasionally of consequence to 
be able to determine. 
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1°. Humus.—The general name of humus is given to the fine, brown 
light powder which imparts their richness to vegetable moulds and gar- 
den soils. It is formed from the gradual decomposition of vegetable 
matter, exists in all soils, forms the substance of peat, and consists of a 
mixture of several different compounds which are naturally produced 
during the decay of the different parts of plants. It is distinguished into 
mild, sour, and coaly humus. 

The mild gives a brown colour to water, but does not render it sour, 
gives a dark brown solution when boiled with carbonate of soda, evolves 
ammonia when heated with caustic potash or soda or with slaked lime, 
and Jeaves an ash when burned which contains lime and magnesia. 
The sour gives, with water, a brown solution of a more or less sour 
taste, [or reddens vegetable blues—see page 45.] This variety is 
less favourable to vegetation than the former, and indicates a want of 
lime in the soil. The coaly humus gives little colour to water or to a 
hot solution of carbonate of soda, leaves an ash which contains little 
lime, occurs generally on the surface of very sandy soils, and is very un- 
fruitful. It is greatly ameliorated by the addition of lime or wood 
ashes. 

2°. Humic acid.—When a fertile soil or a piece of dry peat is boiled 
with a solution of the common carbonate of soda of the shops, a brown 
solution, more or less dark, is obtained, from which, when diluted muri- 
atic acid (spirits of salt) is added till the liquid has a distinctly sour 
taste, brown flocks begin tofall. This brown flocky matter is humic acid. 

3°. Ulmic acid.—If, instead of a solution of carbonate of soda, one 
of caustic ammonia, (the hartshorn of the shops,) be digested upon the soil 
or peat by a gentle heat, a more or Jess dark brown solution is obtained, 
which, on the addition of muriatic acid, gives brown flocks as _ before, 
but which now consists of wlmic acid. 

These two acids combine with lime, magnesia, alumina, and oxide of 
iron, forming compounds (salts) which are respectively distinguished by 
the names of hwmates and ulmates. They probably both exist, ready 
formed, in the soil in variable proportions, and in combination with one 
or more of the earthy substances above mentioned—lime, alumina, &c. 
They are produced by the decay of vegetable matter in the soil, which 
decay is materially facilitated by the presence of one or other of these 
substances, and by lime especially—on the principle that the formation 
of acid compounds is in all such cases much promoted by the presence 
of a substance with which that acid may combine. They predispose 
organic substances to the formation of such acids, and consequently to 
the decomposition by which they are to be produced. These two acids 
consist respectively of 


Humic acid. Ulmic acid. 
Carbon - .. sto). 2S eeae. Wes 57 
Ey drogen: Woo 59.414 surat 6 43 
Oxyeenegsy slo oles Sl 38} 
100 100 


Some writers upon agriculture have supposed that these acids con- 
tribute very materially to the support of growing plants. But Liebig 
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has very properly objected to this opinion,* that they are so very sparingly 
soluble in water that we’ cannot suppose them to enter directly into the 
roots—even were all the water they absorb to be saturated with them— 
in such quantity as to contribute iu a great degree to the organic matter 
contained in almost any crop.t 

We have indeed seen reason to conclude on other grounds, that only a 
small, though a variable, proportion of the carbon of plantsis derived 
from the soil, yet of this proportion a certain quantity may enter by the 
roots in the form of one or other of these acids, or of their earthy com- 
pounds. They are readily soluble in ammonia; and animal manures 
which give off this compound in the soil may therefore facilitate their 
entrance into the roots of those plants which are cultivated by the aid of 
such manures. They are also soluble in carbonate of potash and car- 
bonate of soda, which are contained in wood ashes and in the ash of 
weeds and of soils which are pared and burned. When these substan- 
ces, therefore, are applied to the land, they may combine with, and, 
among their other beneficial modes of action, may serve to introduce, 
these acids in larger quantity into the plant. 

When exposed to the air, the humates and ulmates contained in the 
soil undergo decomposition, give off carbonic acid, and are changed into 
carbonates. The admission of air into the soil facilitates this decompo- 
sition, which is supposed to be continually going forward—and it is in the 
form of this gas that plants are considered by some to imbibe the largest 
portion of that carbon for which they are indebted to the soil. 

4°. Crenic and Aprocrenic acids.—When soils are digested or washed 
with hot water, a quantity of organic matter is not unfrequently dissolved, 
which imparts to the water a brownish yellow colour. When the solu- 
tion is evaporated to dryness, there remains besides the soluble saline 
substances of the soil, a variable portion of brown extractive looking 
matter also, whichis a mixture of the two acids here named, with the 
ulmic and humic—allin combination with lime, alumina, and other bases. 
When this residue is dried at 230° F., the two latter acids, and their 
compounds, become insoluble, while the crenates and apocrenates, more 
especially the former, remain soluble in water, and may be separated 
by washing with this liquid. 

These acids also are formed in the soil during the decay of vegetable 
matter. They are distinguished from the two previously described by 
containing nitrogen asan essential constituent, and by forming compounds 
with lime, &c., which are, for the most part, readily soluble in water. 
Hence they will both prove more nourishing to plants—in virtue of the 
nitrogen they contain—and in ccnsequence of their solubility, will be able, 
where they exist, to enter more readily, and in greater abundance, into 
the roots than either the ulmic or the humic acid. 

Owing to this solubility, also, they are more readily washed out of the 
soil by the rains, and hence are rarely present in any considerable quan- 


” Organic Chemistry applied lo Agriculture, first edition, pp. ll and 12. 

t Ulmie acid requires 2500 times its weight of water to dissolve it—ulmate of lime 2000 
times, and ulmate of alumina 4200 times—but all are still less soluble afler they have been 
perfectly dried, or exposed to the action of a hard winter’s frost. The ulmates of potash, 
soda, and alumina, are all dissolved in water with considerable ease. 
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tity in specimens of soil which are submitted to analysis. They are fre- 
quently, however, met with in springs and in the drainings of the land. 
They have even been found in minute quantity in rain-water,* itis pro- 
bable that they ascend into the air in very small proportion with the 
watery vapour that rises. This exhibits another form, therefore, in 
which the rains may minister to the growth of plants (see page 36). 

Both acids form insoluble compounds with the peroxide of iron—and 
hence are found in combination with many of the ochrey deposits from 
ferruginous springs, and with the oxide of iron by which so many soils 
are coloured. ‘The apocrenic acid has also a peculiar tendency to com- 
bine with alumina, with which it forms a compound insoluble in water, 
and in this state of combination it probably exists not unfrequently, espe- 
cially in clayey soils. 

When heated with newly slaked quick-lime these acids give off am- 
monia and carbonic acid. By the action of the air, and of lime in the 
soil, they are probably decomposed in a similar manner, though with 
much less rapidity. 

5°. Mudesous acid is another dark brown acid substance, which is also 
produced naturally in the soil. It resembles the apocrenic, in having 
a strong tendency to combine with alumina. In union with this acid it 
is slowly washed out of the soil by the rains, or filters through it when 
the water can find an outlet beneath. This is seen to be the case in some 
of the caves on the Cornish coast, where the waters that trickle through 
from above have gradually deposited on their roof: and sides a thick in- 
crustation of mudesite of alumina.t 

Besides these acids, it is known that the malic and the acetic (vine- 
gar) are occasionally produced in the soil during the slow decay of vege- 
table matter of different kinds. It is probable that many other analo- 
gous compounds are likewise formed—which are more or less soluble in 
water, and more or less fitted to aid in the nourishment of plants. There 
is every reason to believe, indeed, that organic substances in the soil pass 
through many successive stages of decomposition, at each of which they 
assume new properties, and become more or less capable of aiding in» 
the support of living races. The subject is difficult to investigate, be- 
cause of the obstacles which lie in the way of exactly separating from 
each other the small quantities of the different organic compounds that 
occur mixed up together in the soil. But it seems quite clear, that while 
some agricultural chemists have erred in describing the ulmic and hu- 
mic acids as the zmmedzate source of a large portion of the carbon of 
plants, others have no less misstated—as I apprehend—the true course 
of nature, who deny any direct influence to these and other substances 
of vegetable origin, and limit their use in the soil to the supply of car- 
bonic acid only, which, on their ultimate decomposition, they are capa- 
ble of yielding to the roots. The resources of vegetable life are not so 
limited; but as the human stomach can, and does, on occasion, convert 
into nourishment many different compounds of the same elements,—so, 
no doubt, many of those organic compounds which are produced in the 
soil, or in fermenting manure during the decay of animal and vegetable 


* Fiirsten zu Salm-Horstmar. Poggend. Annal. liv., p. 254. 
t Known to mineralogists under the name of Pigotite. 
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bodies,—when once admitted, in consequence of their solubility, into the 
circulating system of plants,—are converted into portions of their sub- 
stance, and really do minister to their natural growth. 

Separation of these Organic Constituents.—1°. When on washing 
with hot water a soil imparts a colour to the solution, the liquid must be 
filtered and evaporated, to perfect dryness. On treating with water 
what remains after the evaporation, the humic acid and humates remain 
insoluble, while the crenic and apocrenic acids are taken up by the wa- 
ter along with the soluble saline matter which the soil may have con- 
tained. By evaporating this second solution to perfect dryness, weigh- 
ing the residue, and then heating it to dull redness in the air, the loss 
will indicate something more than the quantity of these acids present in 
the soil. By burning the dried insoluble matter, also, the quantity of 
humic acid present in it may in like manner be determined. 

2°. After being washed with pure water, the soil is to be boiled with 
a solution of carbonate of soda, repeated once or twice as long as a brown 
solution, more or less dark, is obtained. Being filtered, and then ren- 
dered sour by muriatic acid, brown flocks fall, which being collected on 
the filter, perfectly dried and weighed, give the quantity of humic acid 
in the soil. As this dry humic acid generally contains some earthy 
matter, it is more correct to burn it, and to deduct the weight of the ash 
which may be left. 

3°. The insoluble (coaly) humus still remains in the soil. On boiling 
it now in a solution of caustic potash for a length of time, and till a fresh 
solution ceases to become brown, the coaly humus is entirely dissolved— 
being converted according to Sprenge! into humic acid. The addition 
of muriatie acid to this solution, till it has a sour taste, throws down the 
humic acid in the form of brown flocks, which may be collected, dried, 
and weighed as before. 

4°. If there be any mudesite of alumina in the soil, it is also dis- 
solved by the potash, but is not thrown down when the solution is ren- 
dered sour by muriatic acid. The entire weight of organic matter in the 
soil being therefore determined by burning it in the air, after being 
perfectly dried, the difference between this weight and the sum of those 
of the humic acid and insoluble humus will be the proportion of the 
other acids present. Thus, if, by burning in the air, the soil lose 6 per 
cent., and give 2 per cent. of humic acid, and 2 of insoluble humus, there 
remain 2 per cent. for other organic substances in the soil. 

In general, it is considered sufficient to ascertain only the whole loss 
by burning, and the quantity taken up by carbonate of soda, the propor- 
tion of the other substances present being in most cases so small as to be 
capable of being precisely estimated by great precautions only. 


§ 2. On the exact chemical constitution of the earthy part of the soil. 


In reference to the general origin of soils—to their geological rela- 
tions—and to the simplest mode of classifying them,—I have shown you 
that the earthy part of nearly all soils consists essentially of sand, clay, 
and lime (p- 230). But in reference to their chemical relations to the 
plants which grow, or may be made to grow, upon them, it is necessary, 
as you are now aware, to take a more refined and exact view of their 
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constitution. This will appear by referring to three important prinei- 
ples established in the preceding lectures. 

1°. That the ash of plants generally contains a certain sensible pro- 
portion of ten or twelve different inurganic substances (pp. 216 to 221). 

2°. That they can, in general, only derive these substances from the 
soil, which must, therefore, contain them (p. 181). And— 

3°. That the fertility of a soil depends, among other circumstances, 
upon its ability to supply readily and in sufficient abundance all the in- 
organic substances which a given crop requires (p. 228.) 

Now the quantity of some of these substances which is necessary to 
plants is so very small, that nothing but a refined analysis of a soil is 
capable, in many cases, of determining whether they are present in it or 
not—much less of explaining to what its peculiar aefects or excellencies 
may be owing—what ought to be added to it in order to render it more 
~ productive—or why certain remarkable effects are produced upon it by 
the addition of mineral or animal manures. 

Thus, for example, half a grain of gypsum in a pound of soil indicates 

the presence of nearly two cwt. in an acre, where the soil is a foot deep,— 
a quantity much greater than need be added to a soil in which gypsum 
is almost entirely wanting, in order to produce a remarkable luxuriauce 
in the red clover crop. Tn 100 grains of the soil, this quantity of gyp- 
sum amounts only to seven-thousandths of a grain—(;,455, or 0-007 
grs.)—a proportion which only a very carefully conducted analysis 
would be able to detect, and yet the detecting of which may alone be able 
to explain the unlike effects which are seen to follow the application of 
gypsum to different soils. 

Again, the phosphoric acid is a no less necessary constituent of the 
soil than the sulphuric acid contained in gypsum. This acid is gener- 
ally in combination either with lime, with oxide of iron, or with alu- 
mina—and, as it is much more difficult even to detect than the sulphuric 
acid, requires more care and skill to determine its quantity with any 
degree of accuracy,—and is generally present even in fertile soils in a 
still smaller proportion—it is obvious that safe and useful conclusions can 
be drawn only from such analyses as have been made rigorously, accord- 
ing to the best methods, and with the greatest attention to accuracy. 

There are cases, no doubt, where a rough analysis may be of use, 
where the cause of peculiarity is at once so obvious that further research 
is unnecessary—as where mere washing with water dissolves out a 
noxious substance, such as sulphate of iron (green vitriol). But such 
cases are comparatively rare, and it more frequently happens, that the 
cause of the special qualities of a soil only begins to manifest itself when 
a carefully conducted analysis approaches to its close. I shall, therefore, 
briefly describe to you the methods to be adopted, in order to arrive at 
these more accurate experimental results. [As these methods of analysis 

involve considerable detail, [ have transferred them to the Appendix.— 
See Appendiz, p- 25.] 
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§3. Of the exact chemical constitution of certain soils, and of the results 
to be deduced from them. 


But the importance of this attention to rigorous analysis will more 
clearly appear, if I exhibit to you the constitution of a few of the nume- 
rous soils analyzed by Sprengel, in connection with the agricultural quali- 
ties and capabilities by which they are severally distinguished. 

The following analyses are selected from a much greater number made 
by Sprengel, and embodied in his work on soils, ‘‘ Die Bodenkunde.” 


I.—FERTILE SOILS. 


Soils are fertile which contain a sufficient supply of all the mineral 
constituents which the plants to be grown upon them are likely to re- 
quire. 

1°. Pasture.—The following numbers exhibit the constitution of the 
surface soil in three fertile alluvial districts of Hanover, where the land 
has been long in pasture. 


Soil near From the banks of the Weser 


Osterbruch. near Hoya. near Weserbe 
Silica, Quartz, Sand, and Silicates. 84°510 71-849 83°318 
Pelamarna tis “copyarg<s) a heietir, oh, (Gas 9-350 3°085 
Oxates fofylromy aii. ("Ghd en 27895 5-410 5°840 
Oxide of Manganese . . . . 0°450 0:925 0-620 
Lime TE EON Kot aigert” O57 40 0-987 0-720 
DMaenesiat.) . as HNO «4 OES 0°245 0-120 
Potash and Soda extracted by water 0-009 0-007 0-005 
Phosphoric Acid; : . oxic .  O120 0-131 - 0:°065 
Sulphuric Acid Ceelauisn dike? a 70 0-174 0-025 
Chlorine in common Salt . . 0-006 © 0-002 0:006 
eleare JACI oe Se, fs hare  OsZ80 1-270 0-800 
Insoluble Humus «| South mtoe2:995 7550 4°126 
Organic matters containing Nitrogen 0:960 2°000 1-220 
Water ~gerce. Qos cual chase Steer 120 pe) 0-100 0-050 

100 100 100 


These soils had all been long in pasture, the second is especially cele- 
brated for fattening cattle when under grass. It will be observed that in 
none of them is any of the mineral ingredients wholly wanting, though 
in all the quantity of potash and soda capable of being extracted by 
wateris very small. This is ascribed to the fact of their having been 
long in pasture, during which the supply of these substances is gradually 
withdrawn by the roots of the grasses. It is well known how, in our or- 
dinary soils, grass is often renovated—how the mosses, especially, are de- 
stroyed—by a dressing of wood ashes, which owe their effect to the alkali 
they contain. Inthe above soils the gradual decomposition of the szlt- 
cates would continue to supply a certain portion of alkaline matter for an 
indefinite period of time. 

You will perceive that the soil which is the most celebrated for its fat- 
tening power, is also the richest in alumina, lime, phosphoric acid, sul- 
phuric acid, and vegetable matter. 


. 
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2°. Arable.x—The following table exhibits the constitution of three 
soils, celebrated for yielding successive crops of corn for a long period 
without manure. 


1. 2. 3. 


From Nebtsein, From the banks of the From the polde, 
near Olmutz, Ohio, North America. of Alt-Arenbergr 


in Moravia. Soil. Subsoil. in Belgium. 
Silica and fine Sand . 77:209 87°143. 94-261 64°517 
Alumina . ob ow steele! 5:666 1°376 4-810 
Qxides of Iron . . . ‘6592 2-220 2°336 8-316 
Oxide of Magnesia . . 1°520 0-360 1-200 0-800 
Pine Coes wae Ren ote oy 0-564 0-243 PSF 9.403 
Magnesia. . . . . 1°160 0-312 0310 “Mas "10-361 
Potash chiefly combined 
Witt Silicaee ema) on COSTA0 0:120 0-240 a 
Soda, ditto J ass croets 108640 0:025 a 0-013 


Phosphoric Acid combined 
with Lime and Oxide of 


rors 0. ee. ORG 0-060 trace 1:22] 
Sulpharic Acid in gypsum 0-011 0-027 0:034 0-009 
Chlorine in common salt. 0-010 0-036 trace 0-003 
Carbonic Acid united to the 

Janie) Sgn a | Rae = 0.080 — — 
Hamc Acid \%r . 2 76-978 1.304 ~ 0-447 
Insoluble Humus. . .0°540 1.072 —~ — 
Organie substances con- 

taining Nitrogen 2 Lats 1011 — = 

100 100 100 100 


Of these soils, the first had been cropped for 160 years successively, 
without either manure or naked fallow. The second was a virgin soil, 
celebrated for its fertility. The third had been unmanured for twelve 
years, during the last nine of which it had been cropped with beans 
—barley—potatoes—winter barley and red clover—clover—winter bar- 
ley—wheat—oats—naked fallow. 

Though the above soils differ considerably, as you see, in the propor- 
tions of some of the constituents, yet they all agree in this—that they are 
not destitute of any one of the mineral compounds, which plants necessa- 
rily require in sensible quantity. You will also observe how compara- 
tively small a proportion of vegetable matter, less than half a per cent., 
is contained in the fertile Belgian soil—a fact to which I shall by-and- 
by recall your attention. 


3°. Soils which have a natural source of fertility.—Some soils, which 
by their constitution are not fitted to exhibit any great degree of fertility, 
or for a very long period, are yet, by springs or otherwise, so constantly 
supplied with soluble saline, and other substances, as to enable them to 
yield a succession of crops, without manure, and without apparent dete- 
rioration. Such is the case with the following soil from near Rothen- 
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felde, in Osnabruck, which gives excellent crops, though manured only 
once in 10 or 12 years. 


Silica and coarse Shai pando) a) «Sar 4B 200 
Alumina . 2-000 
Oxides of Iron and a little Phosphoric Acid . 2-900 
Oxide of Manganese. . . . . - - O00 
Carbonate and a little Phosphate of Lime . 4-160 
Carbonate of Magnesia . . . - - - + 07520 
Potash and Soda... . «se ss 0085 
Phospirieeseid, Pr ng tee es OPO20 
Spipuarie Res se ne ey ou ny, a Oe 
CRiMiie s Sea es ee Me co nee a) COTO 
PPG Wed: ced ea ee ee ot ee 
Raspioblé Hanns . 50S ae is eS oe SS B20 
Organic matter containing Nitrogen . . . 0°120 


100 


You will see that, although in this soil all the inorganic substances are 
really present, yet the potash and soda, the phosphoric and sulphuric 
acids, and the chlorine, are not in such abundance as to justify us in ex- 
' pecting it to grow any long succession of crops, without exhibiting the 
usual evidences of exhaustion. But it lies on the side of a hill which con- 
tains layers of lime-stone and marl, through which the surface waters 
find their way. ‘These waters afterwards rise into the soil of the field, 
impregnated with those various substances of which the soil is in want, 
and thus, by a natural manuring, keep up a constant supply for each suc- 
ceeding crop. 

This example is deserving of your particular attention, inasmuch as 
there are many soils, in climates such as ours, which are yearly refresh- 
ed from a similar source. Few spring waters rise to the surface which 
are not fitted to impart to the soil some valuable ingredient, and which, if 
employed for the purposes of irrigation, would not materially benefit 
these lands especially on which our pasture grasses grow. ‘The same 
may also be said of the waters which are carried off in some places so 
copiously by drains. Whether these waters rise from beneath in springs, 
or, falling in rain, afterwards sink through the soil, they in either case 
carry into the brooks and rivers much soluble matter, which the plants 
would gladly extract from them. On sloping grounds it would be a 
praiseworthy economy to arrest these waters, ahd before they escape, 
io employ them in irrigation. 

The fact that nature thus on many spots brings up from beneath, or 
down from the higher grounds, continual accessions of new soluble mat- 
ter to the soil, will serve to explain many apparent anomalies, and to ac- 
count for the continued presence of certain substances in small quantity, 
although year by year portions of them are carried off the land in the 
crops that are reaped, while no return is made in the shape of artificial 
manure. It will also in some instances account for the fact that, after a 
hard cropping, prolonged until the soil has become exhausted, a few 
years’ rest will completely re-invigorate it, and render it fit to yield 
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new returns of abundant corn. Other causes, as we shall hereafter see, 
generally operate in bringing about this kind of natural recovery, but 
there can be no question that in circumstances such as I have now 
adverted to, this recovery may be effected in a much shorter period 
of time. 


4°. Importance of depth and uniformity of soil.—Ilf the surface soil be 
of a fertile quality, ample returns will be sure from many cultivated 
crops. But where the subsoil is similar in composition to that of the 
surface—not only may the fertility of the land be considered as almost 
inexhaustible, but those crops also which send their roots far down will 
be able permanently to flourish in it. This fact is illustrated by the 
composition of the following soils from the neighbourhood of Bruns- 
wick :— 


ile Oy 

Soil. Subsoil. Subsoil. 

Silica and fine Quartz Sand . 94°724 97°340 90-035 
IA aes eek n vel) see eehiuie pelo 0:806 1-976 


Oxides of Manganese . . 1-968 0-075 0-240 
nem a  Seehee Sete es Ole 0:296 0:022 
Miaencsiare ys ws sss Eee 0-095 0-115 
Potash and Soda. . . . . 0:077 0-112 0-300 


@xides'of from. 7s | *s fe ee 5-815 


Phosphoric Acid’... . « 0-024 0°015 0:098 
Sulphuric Acid’. . . . . 0-010 trace 1:399 
Cmlornes ae hoe a eee OO e trace trace 


FamichAcia*." ss) 2 hs 2. OroUe 0:135 _ 
Insoluble) slums 6... .- 0:210 — _— 


100 100 100 


The first of these soils produced excellent crops of all deep-rooted 
plants—lucerne, sainfoin (esparsette), hemp, carrots, poppies, &c.—and 
with the aid of gypsum, red clover, and leguminous plants (vetches, 
peas, and beans), in great luxuriance. The former of these facts is ex- 
plained by the great similarity in constitution which exists between the 
surface and the under soils. To deep-rooted plants also the magnesia, 
in which the surface is deficient, is capable of being supplied by the under 
soil. The eflect of the gypsum is accounted for by the almost total ab- 
sence of sulphuric acid in the subsoil, but which the application of gyp- 
sum has introduced into the upper soil. 

The second soil was taken from a field in which sainfoin died regu- 
larly in the second or third year afier it was planted. This was naturally 
attributed to something in the subsoil. And by the analyses above 
given, it was found to contain much sulphuric acid in combination with 
oxide of iron, forming sulphate of iron (green vitriol). ‘This salt being 
noxious to plants, began to act upon the crop of sainfoin as soon as the 
roots had gone so deep as to draw sufficient supplies from the subsoil, 
and it thus gradually poisoned them, so that they died out in two or three 
years. 
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11.—BARREN OR UNFRUITFUL SOILS. 


Soils are unfruiiful or altogether barren, either when they contain too 
little of one or more of the i inorganic consuluents of plants, or when some 
substance is present in them in such quantity as to become hurtful or 
poisonous tu vegetation. The presence of sulphate of iron in the subsoil 
Just described is an illustration of the latter fact. In what way the defi- 
ciency of certain substances really does affect the agricultural capabilities 
of the soil will appear from the following analyses : — 


ie 2. ae 4, 

Moor land soil, Another Sandy Soil on the 

near Aurich, soil from soil Yom Mauschel- 
Hast Friesland. the same Wettingen kalk, 

neighbour- in Liine- near Muhl- 
Soil. Subsoil. hood. burg- hauser. 

Silica and QuartzSand . . 70:576—95:190 61576 95:000 77-780 
Mitintwa ses. te, oh ODO — 9-500 0-450 0-500 9 490 
Oxidesoffron . . . . . 0-252— 1-460 0-524 2-000 5 800 
Oxide ef Manganese. . .  trace— 0:048 °° trace trace 0°105 
Fare arenes AR. cs BiWR of do. — 0:336 320 0-001 0-866 
Magnesia... . . . . OO12— 0125 0-130 trace 0-728 
Batashe yn svilaisnsie ad trace— 0-072 trace do. trace 
Soda . yy ere do. — 0-180 do. do. do. 
Phosphoric Aad Whee do. 0-034 do. do. 0-003 
SulphurievA eid «weve. 3 v3 do. 0-020 do. do. trace 
Carbonic Acid 2357". — — — —_— 0-200 
Chore! HIP Ee? Foe trace— 0015 trace trace trace 
Humic Acid .... . 11:910— — 11-470 0-200 0°732 
Insoluble Humus. . . . 16200— — 26530 1299 0:200 
WWaterasd: sorties 5 — — — — 4-096 

100 100 160 100 100 


Each of these analyses is deserving of attention. 

1°. That the barrenness of the moor-land soils (1 and 2) is to be at- 
tributed to their deficiency in the numerous substances of which they 
contain only traces, may almost be said to be proved by the fact—one 
long recognised and acknowledged on many of our own moor-lands: and 
peaty soils—that when dressed with a covering of the subsoil they be- 
come capable of successful cultivation. The analysis of the subsoil in 
the second column shows that it contains all those mineral constituents in 
which the soil itself is deficient—and to the eflect of these, therefore, the 
improvement produced upon the soil by bringing it to the surface is alto- 
gether to be attributed. 

2°. The sandy soil, No. 3, is evidently barren for the same reason as 
the moorland soils, 1 and 2. The soil No. 4 rests on lime-stone, and 
was mixed with 7 percent. of lime-stone gravel, and contains a great 
number of the substances which plants require—but its unfruitfulness is 
to be ascribed to the want of potash and soda, of sulphuric acid and of 
chlorine. Wood ashes and a mixture of common salt with gypsum or 
sulphate of soda, would probably have remedied these defects. 

3°. Among the fertile soils to which I recently directed your attention 
(p. 284) was one from Belgium, in which the proportion of organic 
matter was less than half a per cent. of its whole weight. In the above 
table, on the other hand, we have two nearly barren soils, containing 
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each 11 per cent. of humic acid, besides a much larger proportion of in- 
soluble organic matter. It is obvious, therefore, that the fertility of a 
soil is not dependent upon its containing this or that proportion of vege- 
table matter, either in a soluble or an insoluble form. It is certainly 
true that many very fertile soils do contain a considerable quantity of 
organic matter, in a form in which it may readily yield nourishment to 
the roots of plants. Yet such soils are not fertile merely in consequence 
of the presence of this organic matter, as a source of organic food to the 
plant. It may be present, and yet the soils, like those above-mentioned, 
may remain barren. Where soils become fertile apparently by the 
long accumulation of such vegetable matter in the soil, it is not merely 
because of the increase of purely organic substances, such as the humic 
and ulmie acids, but, because, as I have already had occasion to mention 
to you, the decaying vegetable matter which produces them contains 
also, and yields to the soil, a considerable abundance of some of those 
inorganic substances which plants necessarily require. The organic 
matter is an indication of their presence in such soils. But they may 
be present without the organic matter. They may either be duly pro- 
portioned in the soil by nature—or they may be artificially mixed with 
it, and then this use of the organic matter may be dispensed with. It is 
of more importance to bear this in mind, because not only vegetable 
physiologists, but some zealous chemists also, have laid great stress upon 
the quantity of soluble and insoluble organic matter contained in a soil, 
and have been led to consider it as a safe index of the relative fertility 
of different soils. 

The history of science shows, by many examples, that those men 
who adopt extreme views,—who attempt to explain all phenomena of a 
given kind, by reference to a single specific cause—have ever been of 
very great use in the advancement of certain knowledge. Their argu- 
ments, whether well or ill founded, lead to discussion, to further investi- 
gation, to the discovery of exceptional cases, and, finally, to the general 
adoption of modified views which recognise the action of each special 
cause in certain special cases, but all in subordination to some more ge- 
neral principle. 

Thus, if some ascribe the fertility of the soil to the presence of the 
alkalies in great abundance, others to that of the phosphates, others to 
that of lime, others to that of alumina, and others, finally, to that of ve- 
getable matter in a soluble state—all these extreme opinions are recon- 
ciled, and their partial truths recognised, in one general principle, that 
a soil to be fertile must contain all the substances which the plant we de- 
sire to grow can only obtain from the soil, and in such abundance as 
readily to\supply all its wants; while at the same time it must contain 
nothing hurtful to vegetable life. 


IlI.—-SOILS CAPABLE OF IMPROVEMENT BY THE ADDITION OF 
MINERAL MATTER. 


On the principle above stated depends in very many cases the mode 
of improving soils by the addition of mineral substances, as well as the 
method of explaining the remarkable effects occasionally peoduced by 
their mixture with the land. The following analyses will place this 
matter in a clearer light :— 
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al 25 25 4. 
Soil near Pa- Near Draken- Near Ganders- Near 
dingbiittel,on burg, on the heim, in Bruns- 
the Weser. Weser. Brunswick. wick. 
Silica and Quartz Sand. 93-720 92:014 90-221 95-698 
Alumina . ; “ 40 2°602 2-106 0°504 
Oxide of Iron . 5 . 2-060 3:192 3:951 2-496 
Oxide of Manganese . - 0-320 0°480 0-960 trace 
Lime . é 3 WET 0-243 0°539 0-038 
Magnesia . é - - 0-700 0-700 0°730 0:147 
Potash (chiefly in combina- 
tion with Silica). - 6062 0-125 0-066 , 0-090 
Soda (do.) > : oe 02109 0-026 0-010 
Phosphoric Acid : - 0°103 0 078 0°367 0-164 
Sulphuric Acid : - 0-005 trace trace 0-007 
Chlorine in common Salt . 0-050 trace 0-010 0-010 
Humic Acid. - - 0:890 0-340 0-900 0-626 
Other Organic matter « -0°120 0-150 0-140 0-220 
100 100 100 100 


The first of these soils produces naturally beautiful red clover—the 
second produces very bad red clover. On comparing the constitution of 
the two soils, we see the second to be deficient in sulphuric acid and 
chlorine. A dressing of gypsum and common salt would supply these 
deficiencies, and render it capable of producing this kind of clover. The 
third soil is remarkable for growing luxuriant crops of pulse, when ma- 
nured with gypsum. The almost total absence of sulphuric acid ex- 
plains this effect. The fourth soil was greatly improved by soap-boiler’s 
ash, which supplied it with lime, magnesia, manganese, and other sub- 
stances. 


I need not further multiply examples to show you how much real 
knowledge is to be derived from a rigidly accurate analysis, not only in 
regard to the agricultural capabilities of a soil, but also in regard to the 
natural and necessary food of plants, and to the manner in which 
mineral manures act in promoting and increasing their growth. The 
illustrations I have already presented will satisfy you— 

1°. That a fertile soil must contain all the inorganic constituents which 
the plant requires, and none that are likely to do it an injury. 

2°. That if the addition of a given manure to the soil render it more 
fertile—it is because the soil was defective in one or more of those sub- 
stances which the manure contained. 

3°. That if a given application to the land fail to improve it—of gyp- 
sum, of bone-dust, of common salt, for example—it is because enough of 
the substance applied is already present, or because something else is 
still wanting to render the previous additions available. 

4°. That the result of extended experience in our country, that the 
clay soils are best for wheat, and sandy soils, such as that of Nor- 
‘folk, for barley, is not to be considered as anything like a law of nature, 
setting aside the clay land for the special growth of wheat, and denying 
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to the sandy soils the power of yielding abundant crops of this kind of 
grain. Almost every district can present. examples of well cultivated 
fields, where the contrary is proved—and the wheat crops which are 
yearly reaped from the sandy plains of Belgium, demonstrate it on a 
more extended scale. 

Chemically speaking, a soil will produce any crop abundantly, pro- 
vided it contain an ample supply of all that the crop we wish to raise 
may happen to require. But, in practice, soils which do not contain all 
these substances plentifully, are yet found to differ in their power of 
yielding plentiful returns to the husbandman. Such differences arise 
from the climate, the exposure, the colour, the fineness of the particles, 
the lightness or porosity of the soil—from the quantity of moisture it is 
capable of retaining, or from some other of its numerous physical pro- 
perties. These physical properties, therefore, it is necessary shortly to 
consider. 


§ 4. Of the physical properties of soils. 


To the physical properties of soils was formerly ascribed a much 
more fundamental importance than we can now attach tothem. Crome 
and Schiibler regarded the fertility of a soil as entirely dependent upon 
its physical properties. Influenced by this opinion, the former published 
the results of an examination of numerous soils in the Prussian provin- 
ces, which are now possessed of no scientific interest; because they 
merely indicate the amount of clay, sand, and vegetable matter which 
these soils severally contained.* ‘The latter completed a very elaborate 
examination of the physical properties of soils, which is very useful and 
instructive ;¢ but the defective nature of which, in accounting for their 
agricultural capabilities, became evident to the author himself, when the 
more correct and scientific views of Sprengel, illustrated in the preced- 
ing section, afterwards became known to him. In giving, therefore, 
their due weight to the physical properties, we must not forget that in 
nature they are subordinate to the chemical constitution of soils. Plants 
may grow upon a soil, whatever its physical condition—if all the food 
they require be within their reach—while, however favourable the phy- 
sical condition may be, nothing can vegetate in a healthy manner, if the 
soil be deficient in some necessary kind of food, or contain what is de- 
structive to vegetable life. 

Of the physical properties of soils the most important are their den- 
sity, their power of absorbing and retaining water and air, their capillary 
action, their colour, and their consistence or adhesive power. There 
are one or two others, however, to which it will be necessary shortly to 
advert. 


I.—-MECHANICAL RELATIONS OF SOILS. 


1°. The density and absolute weight of a soil.—Some soils are much 
heavier than others, not merely in the ordinary sense of heavy and light, 
as denoting clayey and sandy soils, but in reference to the absolute weight 
of equal bulks. 


* Recorded in his Grundsitze der Agricultur Chemie. 
t Per Boden und sein verhiiliniss zu den Gewiichsen. 
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Thus a cubic foot of dry 


Siliceous or Calcareous Sand—weighs about . 110 lbs. 
Halt Sand:andhalf Clay: -.,+, 2) @*y0 0 9S 
Of common arable Land,from . . . .80to90 
Of pure agricultural Clay (page 231) . . . 75 
Of garden Mould, richer in vegetable matter . 70 
Of a peaty Soil, from & once ehseitT? COMtolo0 


Sandy soils, therefore, are the heaviest. The weight diminishes with 
the increase of clay, and lessens still further as the quantity of vegetable 
matter augments. 

In practice, the denser a soil is, the less injury will be done to the 

land by the passage of carts and the treading of cattle in the ordinary 
operations of husbandry. In a theoretical point of view it is of conse- 
quence to vegetation, chiefly in so far as, according to the experiments 
of Schibler, the denser soils retain their warmth for a longer period when 
the sun goes down, or acold wind comes on. ‘Thus a peaty soil will 
cool as much in an hour and a half as a pure clay in two, or a sand in 
three hours. 
. 2°. Of the state of division of the constituent parts of the soil.— 
With the relative weight of different soils, their state.of division is in 
some degree connected. Some soils consist of an admixture of exceed- 
ingly fine particles both of sand and clay—while in others, coarse sand, 
stones and gravels, largely predominate. There can be no doubt that the 
state of the soil in this respect has a material influence upon its produc- 
tive character, and consequently upon its money value, since the labours 
of the husbandman in lands of a stiffer and more coherent nature are 
chiefly expended in bringing them into this more favourable powdery con- 
dition. In the description and examination of a soil, therefore, this pro- 
perty ought by no means to be passed lightly over—since it is one in 
regard to which a mere chemical analysis gives us litue or no informa- 
tion. 

In some parts of the country, the farmer diligently gathers the 
stones off his land, while in others the practice is condemned as hurtful 
to the arable crops. The latter fact is explained by supposing that 
these stones in winter afford shelter to the winter-corn, and in warmer 
seasons protect the ground in some degree from the drying winds, and 
retain beneath them a supply of moisture of which the neighbouring 
roots can readily avail themselves. 

3°. Firmness and adhesive power of soils.—When soils dry in the 
air they cohere and become hard and stiff in a greater or less degree. 
Pure siliceous sands, alone, do not at all cohere when dry—while pure 
clays become hard and very difficult to pulverize. In proportion to the 
quantity of sand with which the latter are mixed, do their tenacity and 
hardness diminish. The difficulty of reducing clays to a fine powder in 
the open field, or of bringing them into a good tilth, may be overcome, 
therefore, by an admixture of sand or gravel, but there are few localities 
where the expense of such an operation does not present an insur- 
mountable obstacle. Thorough draining, however, subsoil ploughing, 
and careful tillage, will gradually bring the most refractory soils of this 
character into a condition in which they can be more perfectly and more 
economically worked. 


‘ 
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Soils also adhere to the plough in different degrees, and, therefore, pre- 
sent a more orless powerful obstruction to its passage. All soils present 
a greater resistance when wet than when dry, and all considerably more 
to a wooden than to an iron plough. A sandy soil when wet offers a re- 
sistance to the passage of agricultural implements, equal to about 4 lbs. 
to the square foot of the surface which passes through it—a fertile vege- 
table soil or rich garden mould about 6 lbs., and a clay from 8 to 25 lbs. 
to the square foot. These differences will naturally form no inconsider- 
able items in the calculations of the intelligent farmer when he estimates 
the cost of working, and the consequent rent he can afford to pay for this 
or that soil, otherwise equal in value. 


1I.—-RELATIONS OF SOILS TO WATER. 


1°. Power of imbibing moisture from the air.—When a portion of soil 
is dried carefully over boiling water, or in an oven, and is then spread 
out upon a sheet of paper in the open air, it will gradually drink in watery 
vapour from the atmosphere, and will thus increase in weight. In hot 
climates and in dry seasons this property is of great importance, restoring 
as it does, to the thirsty soil, and bringing within the reach of plants, a 
portion of the moisture which during the day they had so copiously ex- 
haled. s 

Different soils possess this property in unequal degrees. During a 
night of 12 hours,and when the air is moist, according to Schiibler, 1000 
lbs. of a perfectly dry ¥ 

Quartz Sand will gain O lbs. | Clay Loam . . . 25 lbs. 
Caleareous Sand. . 2 Pure Agricultural Clay 27 
Loamy Soil sine OBE 
and peaty soils, or such as are rich in vegetable matter, a still larger 
quantity. e 

Sir Humphry Davy found this property to be possessed in the highest 
peace by the most fertile soils. ‘Thus, when made perfectly dry, 1000 
lbs. of a 

Very fertile Soil from East Lothian gained in an hour 18 Ibs. 
Very fertile Soil from Somersetshire . . . . . 16 
Soil worth 45s. per acre from Mersea, in Essex . . 13 
Sandy Soil worth 28s., from Essex . . . . . . 1 
Coarse Sand worth only 15s. =. 1 2 ww ee 8 
Soilof Bagshot Heath isos! 2 eu. ® ARS 3* 

Fertile soils, therefore, possess this property in a very considerable de- 
gree, and, though we cannot, by determining this property alone, infer 
with safety what the fertility of a soil is likely to prove—since peaty 
soils and very strong clays are still more absorbent of moisture, and 
since this property is only remotely connected with the special chemical 
constitution of asoil—yet among arable, sandy, and loamy lands, it cer- 
tainly does, as Sir Humphry Davy states, aflord one means of judging 
of their relative agricultural capabilities. 

2°. Power of containing or holding water.—If water be poured drop 
by drop upon a piece of chalk or of pipe-clay, it will sink in and disap- 
pear, but if the dropping be continued, the pores of the earth will by de- 


* Sir H. Davy’s Works, vol. vii., p. 326. 
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gtees become filled with water, and it will at length begin to drop out 
from the under part as it is added above. This property is exhibited in 
a certain degree by all soils. The rain falls and is drunk in, the dew 
also descends, and is thus taken possession of by thesoil. But after much 
rain has fallen, the earth becomes saturated, and the rest either runs off 
from the surface or sinks through to the drains. This happens more 
speedily in some soils than in others. Thus from 106 lbs. of dry soil, 
water will begin to drop—if it be a 

Quartz Sand, when it has absorbed . . - . . . 25)bs. 

Galaatanwe Saad) HN.) He Eee ee 

Gaiety SIGN. OE OR OME OTR Ue Pe mg 

BR ATI NC HAE PULA POs i OOP, Os FL ON SON ae 

Sagiseeny'? OSES PV, FE ene A 

ara ley!) Foe erte ee, 2S, OL Te eer We 
but a dry peaty soil will absorb a very much larger proportion (Schi- 
bler), before it suffers any toescape. Useful arable soils are found to be 
capable of thus containing from 40 to 70 percent. of their weight of water. 
If the quantity be less than this, the soils are said to be best adapted for 
pine plantations,—if greater, for laying down to grass. 

In dry climates this power of holding water must render a soil more 
valuable, whereas in climates such as ours, where rains rather over- 
abound, a simple determination of this property will serve to indicate 
to the practical farmer on which of his fields it is most important to him, 
in reference to surface waiter, that the operation of draining should be 
first and most effectually performed. The more water the soil contains 
within its pores, the more it has to part with by subsequent evaporation ; 
and, therefore, the colder itis likely to be. The presence of this water also 
excludes the air in a great degree, so that for these, as well as for other 
reasons, it is desirable to afford every facility for the speedy removal of 
the excess of water from such soils as absorb it, and are capable of con- 
taining it, in a very large proportion. 

3°. Power of retaining water when exposed to the air.—Unless when 
rain or dew are falling, or when the air is perfectly saturated with mois- 
ture, watery vapour is constantly rising from the surface of the earth. 
The fields, after the heaviest rains and floods, gradually become dry, 
though this, as every farmer has observed, takes place in some of his 
fields with much greater rapidity than in others. Generally speaking, 
those soils which are capable of arresting and containing the largest por- 
tion of the rain that falls, retain it also with the greatest obstinacy, and take 
the longest time todry. Thus a sand will become as dry in one hour asa 
pure clay in three, or a piece of peat in four hours. This, therefore, not 
only explains, and shows the correctness of, the well-known distinctions 
of warm and cold soils, but exhibits another strong argument in favour 
of a perfect drainage of stiff soils and of such as contain a large proportion 
of decaying vegetable matter. 

4°. Capillary power of the soil.— When water is poured into the sole 
of a flower-pot, the soil gradually sucks it in and becomes moist even to 
the surface. The same takes place in the soil of the open fields. The 
water from beneath—that contained in the subsoil—is gradually sucked 
up to the surface. Where water is present in excess, this capillary action, 
as it is called, keeps the soil »!ways moist and cold. 
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The tendency of the water to ascend, however, is not the same in all 
soils. Inthose which, like sandy soils and such as contain much vege- 
table matter, are open and porous, it probably ascends most freely, while 
stiff clays will transmit it with less rapidity. No precise experiments, 
however, have yet been made upon this subject, chiefly, I believe, be- 
cause this property of the soil has not hitherto been considered of such 
importance as it really is, to the general vegetation of the globe. Let us 
attend a little to this point. 

I have already drawn your attention to the fact, that the specimens of 
soil which are submitted to analysis generally contain very little saline 
matter, and yet that in a crop reaped from the same soil a very consider- 
able proportion exists. This I have attributed to the action of the 
rains which dissolve out the soluble saline matter from the surface 
soil, and as they sink, carry it with them into the subsoil; or from 
sloping grounds, and during very heavy rains, partly wash it into the 
brooks. Hence from the proportion of soluble matter present at any one 
ume in the surface soil, we cannot safely pronounce as to the quantity 
which the whole soil is capable of yielding to the crop that may be grown 
upon it. For when warm weather comes and the surface soil dries 
rapidly, then by capillary action the water rises from beneath, bringing 
with it the soluble substances that exist in the subsoil through which it 
ascends. Successive portions of this water evaporate from the surface, 
leaving their saline matter behind them. And as this ascent and eva- 
poration go on as long as the dry weather continues, the saline matter 
accumulates about the roots of the plants so as to put within their reach 
an ample supply of every soluble substance which is not really defective 
in the soil. I believe that in sandy soils, and generally in all light soils, 
of which the particles are very fine, this capillary action is of great im- 
portance, and is intimately connected with their power of producing 
remunerating crops. ‘They absorb the falling rains with great rapidity, 
and these carry down the soluble matters as they descend—so that when 
the soil becomes soaked, and the water begins to flow over its surface, 
the saline matter being already buried deep, is in little danger of being 
washed away. On the return of dry weather, the water re-ascends from 
beneath and again diffuses the soluble ingredients through the upper soil. 

In climates such as ours, where rains and heavy dews frequently fall, 
and where the soil is seldom exposed for any long period to hot summer 
weather unaccompanied by rain, we rarely see the full effect of this ca- 
pillary action of the soil. But in warm climates, where rain seldom or 
never falls, the ascent of water from beneath, where springs happen to 
exist in the subsoil, goes on without intermission. And as each new 
particle of water that ascends brings with it a particle, however small, 
of saline matter (for such waters are never pute), which it leaves behind 
when it rises into the air in the form of vapour, a crust, at first thin, but 
thickening as time goes on, is gradually formed on the surface of the soil. 
Such crusts are seen in the dry season—in India, in Egypt, and in many 
parts of Africa and America. In hot, protracted summers they may be 
seen on the surface of our own fields, but they disappear again with the 
first rains that fall. Not so where rains are unknown. And thus on the 
arid plains of Peru, and on extensive tracts in Africa, a deposit of saline 
matter, sometimes many feet in thickness, is met with on the surface of 
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wide plains, in the hollows ofdeep valleys, and on the bottoms of ancient 
lakes. Such an incrustation, probably so formed, is the bed of nitrate of 
soda in Peru, from which all our supplies of that salt are drawn—such 
are the deposits of carbonate of soda (urao) extracted from the soil in the 
South American State of Colombia. 

5°. Contraction of the soil on drying.—Some soils in dry weather di- 
minish very much in bulk, shrink in, and crack. Thus, after being 
soaked by rain, pure clay and peaty soils diminish in bulk about one- 
fifth when they are again made perfectly dry—while sand has the same 
bulk in either state. The more clay or vegetable matter, therefore, a 
soil contains, the more it swells and contracts in alternate wet and dry 
weather. This contraction in stiff clays can scarcely fail to be occa- 
sionally injurious to young roots from the pressure upon the tender fibres 
to which it must give rise, while in light and sandy soils the compres- 
sion of the roots is nearly uniform in all weathers, and they are undis- 
turbed in their natural tendency to throw out off-shoots in every direction. 
Hence another good quality of light soils, and a less obvious benefit 
which must necessarily result from rendering soils less tenacious by ad- 
mixture or otherwise. 


III.—-RELATIONS OF THE SOIL TO THE ATMOSPHERE. 


Power of absorbing orygen and other gaseous substances from the 
air.—1°. The importance of the oxygen of the atmosphere, first to the 
germination of the seed, and afterwards to the growth of the plant, I have 
already sufficiently insisted upon. It is of consequence, therefore, that 
this oxygen should gain access to every part of the soil, and thus to all 
the roots of the plant. This access can be facilitated by artificially 
working the land, and thus rendering it more porous. But some soils, 
in whatever state they may be in this respect, have been found to absorb 
oxygen with more rapidity, and in larger quantity. than others. Thus 
clays absorb more oxygen than sandy soils, and vegetable moulds cr 
peats more thanclays. This difference depends in part upon the natural 
porosity of these different soils, and in part also upon the chemical con- 
stitution of each. Ifthe clay contain iron or manganese in the state of 
first or prot-oxides, these will naturally absorb oxygen for the purpose of 
combining with it,—while the decaying vegetable matter will in like 
manner, in such as contain it largely, drink in much oxygen to aid their 
natural decomposition. 

2°. Besides the gases, oxygen and nitrogen, of which the air princi- 
pally consists, the soil absorbs also carbonic acid from the atmosphere, 
and portions of those various vapours,—whether of ammonia and other 
effuvia which rise from the earth, or of nitric acid formed in the air,— 
and these, in the opinion of some chemists, contribute very materially to 
its natural fertility. This, however, is very much a matter of conjec- 
ture, and no experiments have been made as to the relative capabilities 
of different soils thus to extract vegetable food from the surrounding air. 
One fact, however, seems to be clearly ascertained, that all soils, namely, 
absorb gaseous substances of every kind most easily and in the greatest 
abundance when they are in a moist state. The fall of raius, or the de- 
scent of dew, therefore, will favour this absorption in dry seasons, and ic 
will also be greatest in those soils which have the power of most readily 
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extracting watery vapour from the air during the absence of the sun. 
Hence the influence of the dews and of gentle shcwers on the progress 
of vegetation, is not limited to the mere supply of water to the thirsty 
ground, and of those vapours which they bring with them as they descend 
to the earth, but is partly due also to the power which they impart to the 
moistened soil, of extracting for itself new supplies of gaseous matter 
from the surrounding atmosphere. 


1V.—-RELATIONS OF THE SOIL TO HEAT. 


There are some of the relations of soils to heat, which have considera- 
ble influence upon their power of promoting vegetation. ‘These are the 
rapidity with which they absorb heat from the air, the temperature they 
are capable of attaining under the direct action of the sun’s rays, and the 
length of time during which they are able to retain this heat. 

1°. Power of absorbing heat.—It is an important fact, in reference to 
the growth of plants, that during sunshine, when the sun’s rays beat upon 
it, the earth acquires a much higher temperature than the surrounding 
air. This temperature very often amounts to 110°, and sometimes to 
nearly 150°, while the air in the shade is between 70° and 80° only. 
Thus the roots of plants are supplied with that amount of warmth which 
is most favourable to their rapid growth. 

Dark-coloured—such as black and brownish red—soils absorb the 
heat of the sun most rapidly, and therefore become warm the soonest. 
They also attain a higher temperature—by a few degrees only, how- 
ever (3° to 8°),—than soils of other colours, and thus, under the action 
of the same sun, will more rapidly promote vegetation. In climates, 
such as ours, where the presence of the sun is often wished for in vain 
in time of harvest, this property of the soil possesses a considerable eco- 
nomical value. In other parts of the world, where sunshine abounds, 
it becomes of less importance. 

Every one will understand that the above differences are observed 
amorg such soils only as are exposed to the same sun under the same 
circumstances. Where the exposure or aspect of the soil is such as to 
give it the prelonged benefit of the sun’s rays, or to shelter it from cold 
winds, it will prove more propitious to vegetation than many others less 
favourably situated, though darker in colour and more free from super- 
fluous moisture. 

2°. Power of retaining heat.—But soils differ more in their power of 
retaining the heat they have thus absorbed. You know that all hot bodies, 
when exposed to the air, gradually become cool. So do all soils; but a 
sandy soil will cool more slowly than a clay, and the latter than a soil 
which is rich in vegetable matter. The difference, according to Schiib- 
ler, is so great, that a peaty soil cools as much in one hour as the same 
bulk of clay in two, or of sand in three hours. This may no doubt have 
considerable influence upon growing crops, inasmuch as, after the sun 
goes down, the sandy soil wil! be three hours in cooling, while the clays 
will cool to the same temperature in two, and rich vegetable mould in 
one hour. But on those soils which cool the soonest, dew will first begin 
to be deposited, and it is doubtful, where the soils are equally drained, 
whether, in summer weather, the greater proportion of dew deposited on 
the clays and vegetable moulds maw not more that compensate to tlie 
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parched soil—for the less prolonged duration of the elevated tempera- 
ture derived from the action of the sun’s rays. It is also to be remem- 
bered, that vegetable soils at least absorb the sun’s heat more rapidly 
than the lighter coloured sandy soils, and thus the plants which grow in 
the former, which is sooner heated, may in reality be exposed to the 
highest influence of the sun’s warmth—for at least as long a period as 
those which are planted in the latter. 

The only power we possess over these relations of soils to heat, ap- 
pears to be, that by top-dressing with charcoal, with soot, or with dark- 
coloured composts, we may render it more capable of rapidly absorbing 
the sun’s heat, and by admixture with sand, more capable of retaining 
the heat which it has thus obtained. 


Sucn are the most important of the physical properties of soils. Over 
some of them, the skilful farmer possesses a ready control. He can 
drain his land, and thus render it cheaper to work and more easy to re- 
duce to asfine powder. He can plough, subsoil, and otherwise work it 
well, and thus can make it more open and porous, more accessible both 
to air and water. When it is light and peaty, he can lay heavy matter 
over it—clay, and sand, and lime-stone rubble—and can thus increase 
its density. He can darken its colour in some localities with peat com- 
posts, and can thus make it more absorbent of heat and moisture, as well 
as more retentive of the rain that falls. But here his power ends, and 
how far any of the changes within his power can be prudently attempted 
will depend upon the expense which, in any given locality, the operation 
would involve. And even after he has done all which mere mechanical 
skill can suggest, the soil may still disappoint his hopes, and refuse to . 
yield him remunerating crops of corn. 

“A soil,” says Sprengel, ‘is often neither too heavy nor too light, 
neither too wet nor too dry, neither too cold nor too warm, neither too 
fine nor too coarse ;—hies neither too high nor too low, is situated in a 
propitious climate, is found to consist of a well-proportioned mixture of 
clayey and sandy particles, contains an average quantity of vegetable 
matter, and has the benefit of a warm aspect and favouring slope.”— 
[ Bodenkunde, p. 203.] It has all the advantages, in short, which 
physical condition and climate can give it, and yet it is unproductive. 
And why? Because, answers chemical analysis, it is destitute of cer- 
tain mineral constituents which plants require for their daily food. The 
physical properties, therefore, are only accessory to the chemical consti- 
tution. They bring into favourable circumstances, and thus give free 
scope to the operation, upon the seeds and roots of plants, of those che- 
mical substances which Nature has kindly placed in most of our soils, or 
by the lessons of daily experience is teaching the skilful labourer in her 
fields to supply by art. 

And yet the study of the physical properties of soils is not without its 
use, even in a theoretical point of view. It shows both the use of the 
fundamental admixture of sand, clay, and vegetable matter, of which 
our soils consist, and for what special end all the mechanical labours o 
the husbandman are undertaken, and why they are sonecessary. Plants 
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must be firmly fixed, tnerefore the soil must have a certain consistency, 
—their roots must find a ready passage in every direction ; therefore the 
soils must be somewhat loose and open. Except for these purposes, we 
see litte 2mmediate use for the sand and alumina which form so much 
Of .ae substance of soils—till we come to study their physical properties. 
he siliceous sand is insoluble, and the alumina exists in plants in very 
minute quantity only, while during the progress of natural vegetation, 
the proportion of vegetable matter in the soil actuaily increases. The 
immediate agency, therefore, of these substances is not chemical but 
physical. 

The alumina of the clays is of immediate use in absorbing and retain- 
ing both water and air for the use of the roots—while the vegetable mat- 
ter is advantageous in reference to the same ends, as well as to the power 
of absorbing quickly and largely the warmth of the sun’s rays. The 
soil, in short, in reference to vegetation, performs the four following dis- 
tinct and separate, but each of them important and necessary, func- 
tions :— 

1°. It upholds and sustains the plant, affording it a sure anal safe an- 
chorage. 

2°, It absorbs water, air, and heat, to promote its growth 

These are its mechanical and pliysical functions. 

3°. It contains and supplies to the piant both organic and morgan‘e 
food as its wants require ; and 

4°. [tis a workshop in which, by the aid of air and moisture, chemi 
cal changes are continually going on; by which changes these several 
kinds of food are prepared for admission into the living roots. 

These are its chemical functions. 

All the operations of the husbandman are intended to aid the soil in the 
performance of one or other of these functions. To the most important. 
of these operations—the methods adopted by the practical farmer for 
improving the soil—it is my intention, in the following division of these 
Lectures, briefly to direct your attention. 
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LECTURE XIV. 


The physical qualities and chemical constitution of a soil may be changed by art.—Nature 
of the plants dependent upon that of the soil on which they grow.—Mechanical methods 
of improving the soil.—Etfects produced by draining.—Theory of springs.—Effect of 
ploughing, subsoiling, deep ploughing and trenching.—Artificial improvement by mixing 
with clay, sand, or marl. 


Tue facts detailed in the preceding lecture may be considered as af- 
fording sufficient proof that the ability of the farmer to grow this or that 
crop upon his land, is very much restrained by its natural character and 
constitution. Each soil establishes upon itself—so to speak—a vegeta- 
tion suited to its own nature, one that requires most abundantly those 
substances which actually abound in the soil—and the art of man can- 
not long change this natural connection between the living plant and the 
kind of land in which it delights to grow. 

But he can change the character of the land itself. He can alter 
both its physical qualities and its chemical constitution, and thus can fit 
it for growing other races of plants than those it naturally bears—or, if he 
choose, the same races in greater abundance, and with iacreased luxuri- 
ance. ‘It is, in fact, in the production of such changes, that nearly all the 
labour and practical skill of the husbandman—apart from local peculiari- 
ties of climate, &c.—is constantly expended. For the attainment of 
this end he drains, ploughs, subsoil-ploughs, and otherwise works his 
land. For this end he clays, sands, marls, and manures it. By these 
and similar operations the land is so changed as to become both able and 
willing to nourish and ripen those peculiar plants which the agriculturist 
wishes to raise. On this practical department of the art of culture, 
the principles explained and illustrated in the preceding parts of these 
lectures, throw much light. They not only explain the reason why cer- 
tain practices always succeed in the hands of the intelligent farmer, but 
why others also occasionally and inevitably fail—they tell him which 
practices of his neighbours he ought to adopt, and which of them he had 
better modify or wholly reject,—and they direct him to such new modes 
of improving his land as are likely to add the most to its permanent 
productive value. 

The operations of the husbandman in producing changes upon the 
land, are either mechanical or chemical. When he drains, ploughs, 
and subsoils, he alters chiefly the physical characters of his soil—when 

he limes and manures it, he alters its chemical constitution. These two 
~ classes of operations, therefore, are perfectly distinct. Where a soil con- 
tains all that the crops we desire to grow are likely to require, mere me- 
chanical operations may suffice to render it fertile—but where one or 
more of the inorganic constituents of plants are wanting, draining may 
prepare the land to benefit by further operations, but it will not be alone 
sufficient to remove its comparative sterility. I shall, therefore, con- 
sider in succession these two classes of practical operations :-— 

1°. Mechanical methods of improving the soil, including draining, 
ploughing, mixing with clay, sand, &c. 
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2°. Chemical methods, including limeing, marling, and the application 
of vegetable, animal, and mineral manures. 

To satisfy you fully, however, in regard to the absolute necessity 
for such changes, if we would render the land fit to produce any given 
crop, let me illustrate, by a few brief examples, the intimate relation 
observed in nature between the kind of soil and the kind of plants that 
grow upon it. 


§ 1. On the connection between the kind of soil and the kind of plants 
that grow upon it. 


That a general connection exists between the kind of soil and the 
kind of plants that grow upon it, is familiar to all practical men. Thus 
clay soils are generally acknowledged to be best adapted for wheat— 
loamy soils for barley—-sandy loams for oats or barley—such as are more 
sandy still for oats or rye—and those which are almost pure sand, for 
rye alone of all the corn-bearing crops. 

But in a state of nature, we find special differences among the spon- 
taneous produce of the soil, which are more or less readily traceable to 
its chemical constitution in the spots where the plants are seen to 
grow. Thus— 

1°, On the sandy soils of the sea shores, and on the salt steppes of 
Hungary and Russia, the sand-worts, salt-worts, glass-worts, and other 
salt-loving plants abound. When these sands are inclosed and drained, 
the excess of the salt is gradually washed out by the rains, or in some 
countries is removed by reaping the saline plants annually, and burning 
them for soda (barilla), when wholesome and nutritive grasses take their 
place; but the white clover and the daisy, and the dandelion, must first 
appear, before, as a general rule, it can be profitably ploughed up and 
sown with corn. 

2°. The dry drifted sands, more or less remote from the sea, produce 
no such plants. They are distinguished by their own coarse grasses, 
among which the elymus arenarius (upright sealyme-grass) often, in our 
latitudes, occupies a conspicuous place. On the downs of North Jut- 
land, it was formerly almost the only plant which the traveller could 
meet with over an area of many miles. 

3°. On ordinary sandy soils, leguminous plants are rare, and the herb- 
age often scanty and void of nourishment. With the presence of marl 
in such soils, the natural growth of leguminous plants increases. The 
colt’s-foot also, and the butter-bur, not only grow naturally where the 
subsoil is marly, but infest it sometimes to such a degree as to be with 
great difficulty extirpated. So true is this indication of the nature of 
the soil, that in the lower vallies of Switzerland these plants are said to 
indicate to the natives where they may successfully dig for marl, (Prize 
Essays of the Highland Society, I.. p. 134). On calcareous soils, again, 
or such as abound in lime, the quicken or couch-grass is seldom seen as 
a weed, (Sprengel, Bodenkunde, p. 201), while the poppy, the vetch, and 
the darnel abound. 

4°. So peaty soils, when laid down to grass, slowly select for them- 
selves a peculiar tribe of grasses, especially suited to their own nature, 
among which the holcus lanatus (meadow soft-grass) is remarkably 
abundant. Alter their constitution by heavy limeing, and they produce 
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luxuriant green crops and a great bulk of straw, but give a coarse thick- 
skinned grain, more or less imperfectly filled. Alter them further by a 
dressing of clay, or keep them in arable culture, and stiffen them with 
composts, aud they will be converted into rich and sound corn-bearing 
lands. 

5°. In the waters that gush from the sides of lime-stone hills—on the 
bottoms of ditches that are formed of lime-stones or marls—and in the 
springs that have their rise in many trap rocks, the water-cress appears 
and accompanies the running waters, sometimes for miles on their 
course. The mare’s-tail (equisetum), on the other hand, attains its largest 
size by the marshy banks of rivulets in which not lime but silica is 
more abundantly present. So the Cornish heath (erica vagans) is found 
only over the serpentine soils of Cornwall, and the red broom rape 
(orobanche rubra, Hooker’s Flora Scotica), only on decayed traps in 
Scotland and Ireland. 

These facts all point to the same natural law, that where other circum- 
stances of climate, moisture, &c., are equal, the natural vegetation—that 
which grows best on a given spot—is entirely dependent upon the chemical 
constitution of the soil. 

But both the soil and the vegetation it willingly nourishes, are seen 
to undergo slow but natural changes. Lay downa piece of land to grass, 
and, after a Japse of years, the surface soil—originally, perhaps, of the 
stiffest clay—is found to have become a rich, light, vegetable mould, 
bearing a thick sward of nourishing grasses, almost totally different from 
those which naturally grew upon it when first converted into pasture. 
So in a wider field, and on a larger scale, the same slow changes are 
exhibited in the vast natural forests that are known to have long covered 
extensive tracts in various countries of Europe. 

Thus it is a matter of history that Charlemagne hunted in the forest 
of Gerardmer, then consisting of oak and beech—though now the same 
forest contains only pines of various species. On the Rhine, between 
Landau and Kaiserlautern, oak forests, of several centuries old, are seen 
to be gradually giving way to the beech, while others of oak and beech 
are yielding to the encroachments of the pine. Inthe Palatinate, the 
Scotch fir (pinus sylvestris) is also succeeding to the oak. In the Jura, 
and in the Tyrol, the beech and the pine are seen mutually to replace 
each other—and the same is seen in many other districts. When the 
time for a change of crop arrives, the existing trees begin to languish 
one after another, their branches die, and finally their dry and naked 
tops are seen surrounded by the luxuriant foliage of other races [Le Ba- 
ron de Mortemart de Boisse, Voyage dans les Landes, p. 189.] These 
facts not only show how much the vegetable tribes are dependent upon 
the chemical nature of the soil—they indicate, likewise, the existence 
of slow natural changes in the constitution of the soil, which lead neces- 
sarily to a change of vegetation also. 

We can ourselves, in the case of ancient forests, effect such changes, 
When in the United States a forest of oak or maple is cut down, one of 
pine springs up in its place; while on the site of a pine forest, oak and 
other broad-leaved trees speedily appear. 

But if the full time for such changes has not come, the new vegeta- 
tion may be overtaken, and smothered by the original tribes. Thus, 
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when the pine forests of Sweden are burned down, a young growth of 
birch succeeds, but after a time the pines again appear and usurp their 
former dominion. The soil remains, still, more propitious to the growth 
of the latter than of the former kind of tree. 

We may, therefore, take a practical lesson from the book of nature. 
If we wish to have a luxuriant vegetation upon a given spot, we must 
either select snch kinds of seeds to sow upon it as are fitted to the kind 
of soil, or we must change the nature of the land so as adapt it to our 
crop. And, even when we have once prepared it to yield abundant re- 
turns of a particular kind, the changes we have produced can only be 
more or less of a temporary nature. Our care and attention must still 
be bestowed upon it, that it may be enabled to resist the slow natural 
causes of alteration, by which it is gradually unfitted to nourish those 
vegetable tribes which it appears now to delight in maintaining 

Let us now turn our attention, therefore, to the methods by which 
these beneficial changes are to be effected and maintained. 


— § 2. Of draining, and its effects. 


Among the merely mechanical methods by which those changes are 
to be produced upon the soil, that are to fit it for the better growth of 
valuable crops, draining is now allowed to hold the first place. That it 
is an important step in heavy clay lands, and that it must be the first step 
in all cases where water abounds in the surface soil, will be readily con- 
ceded ; but that it can be beneficial also in situations where the soils are 
of a sandy nature—where the subsoil is light and porous—or where the 
inclination of the field appears sufficient to allow a ready escape to the 
water, does not appear so evident, and is not unfrequently, therefore, a 
matter of considerable doubt and difficulty. It may be useful, then, 
briefly to state the several effects which in different localities are likely 
to follow an efficient drainage of the land :— 

1°. It carries off all stagnant water, and gives a ready escape to the 
excess of what falls in rain. 

2°. It arrests the ascent of water from beneath, whether by capillary 
action or by the force of springs—and thus not only preserves the sur- 
face soil from undue moisture, but also frees the subsoil from the linger- 
ing presence of those noxious substances, which in undrained land so fre- 
quently lodge in it and impair the growth of deep-rooted plants. 

3°. It allows the water of the rains, instead of merely running over 
and often injuriously washing the surface, to make its way easily 
through the soil. And thus, while filtering through, not only does the 
rain-water impart to the soil those substances useful to vegetation, which, 
as we have seen, [see Lecture II., p. 37, Lecture IV., p. 69, and Lecture 
VIII., p. 159,] it always contains in greater or less abundance ; but it 
washes out of the upper soil, and, when the drains are deep enough, 
out of the subsoil also, such noxious substances as naturally collect and 
may have been long accumulating there—rendering it unsound and 
hurtful to the roots. The latter is one of those benefits which gradually 
follow the draining of land. When once thoroughly effected, it consti- 
tutes a most important permanent improvement, and one which can be 
fully produced by no other available means. It will be permanent, 
however, only so long as the drains are kept in good condition. The 
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same openness of the soil which enables the rains to wash out those so- 
luble noxious substances, which have been long collecting, permits them 
to carry off also such as are gradually formed, and thus to keep itina 
sound and healthy state ; but let this openness be more or Jess im paired 
by a neglect of the drainage, and the original state of the land will again 
gradually return. 

4°. This constant descent of water through the soil causes a similar 
constant descent of fresh air through its pores, from the surface to the 
depth of the drains. When the rain falls, it enters the soil and more or 
less completely displaces the air which is contained within its pores. 
This air either descends to the drains or rises into the atmosphere. 
When the rain ceases, the water, as it sinks, again leaves the pores of 
the upper soil open, and fresh air consequently follows. It is in fact 
sucked in after the water, as the latter gradually passes down to the 
drains. Thus, where a good drainage exists, not only is the land re- 
freshed by every shower that falls—not only does it derive from the 
rains those important substances which occasionally, at least, are brought 
down by them from the atmosphere, and which are in a great measure 
lost where the waters must flow over the surface—but it is supplied also 
with renewed accessions of fresh air, which experience has shown to be 
so valuable in promoting the healthy growth of all our cultivated crops. 

5°. But other consequences of great practical importance follow from 
these immediate effects. When thus readily freed from the constant 
presence of water, the soil gradually becomes drier, sweeter, looser, and 
more friable. The hard lumps of the stiff clay lands more or less dis- 
appear. They crumble more freely, offer less resistance to the plough, 
and are in consequence more easily and economically worked. ‘These 
are practical benefits, equivalent to a change of soil, which only the 
farmer of stubborn clays can adequately appreciate. 

6°. With the permanent state of moisture, the coldness of many soils 
also rapidly disappears. The backwardness of the crops in spring, and 
the lateness of the harvests in autumn, are less frequently complained 
of—for the drainage in many localities produces effects which are equt- 
valent to a change of climate. ‘In consequence of the drainage which 
has taken place in the parish of Peterhead, in Aberdeenshire, during the 
last 20 years, the crops arrive at maturity ten or fourteen days sooner 
than they formerly did;’’* and the same is true to a still greater extent 
in many other localities. 

7°. On stiff clay lands, well adapted for wheat, wet weather in au- 
tumn not unfrequently retards the sowing of winter corn—in undrained 
lands, often completely prevents it—compelling the farmer to change his 
system of cropping, and to sow some other grain, if the weather permit 
him, when the spring comes round. An efficient drainage carries off the 
water so rapidly as to bring the land into a workable state soon after the 
rain has ceased, and thus, to a certain extent, it rescues the farmer from 
the fickle dominion of the uncertain seasons.+ To the skilful and in- 


* Mr. Gray, in the Prize Essays of the Highland and Agricultural Society, I., p. 171. 
This opinion was given in 1830, since which time many other extensive improvements have 
been made in that part of the island. 

1 “Formerly,” says Mr. Wilson, of Cumledge, in his account of the drainage of a farm 
in Berwickshire, “this part of the farm was so wet, that—though better adapted for wheat 
than any other crop—the season for sowing was frequently lost, and after an expensive fab 
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telligent farmer, who applies every available means to the successful 
prosecution of his art, the promise even in our age and country is sure 
—‘‘that seed-time and harvest shall never fail.” 

8°. But on lands of every kind this removal of the superfluous water 
is productive of another practical benefit. In its consequences it is egui- 
valent to an actual deepening of the soil. 

When land on which the surface water is in the habit of resting, be- 
comes dry enough to admit the labours of the busbandman, it is stili 
found to be wet beneath, and the waters, even in dry seasons, not unfre- 
quently remain where the roots of the crops would otherwise be inclined 
tocome. Or, if the surface soil permit a ready passage to the rains, and 
waters linger only in the moist subsoil, still—though the farmer may 
not be delayed in bis labours—the subsoil repels the approach of the 
roots of his grain, and compels them to seek their nourishment from the 
surface soil only. But remove the waters, and the soil becomes dry to 
a greater depth. The air penetrates and diffuses itself wherever the 
waters have been. The roots now freely and safely descend into the 
almost virgin soil beneath. And not only have they a larger space 
through which to send their fibres in search of food, but in this hitherto 
ungenial soil they find a store of substances—but sparingly present, it may 
be, in the soil above—which the long-continued washing of the rains, 
or the demands of frequent crops, may have removed, but which may 
have been all the time accumulating in the subsoil, into which the 
roots of cultivated plants could rarely with safety descend. I[t is not 
wonderful then that the economical effects of draining should be found 
by practical men to be not only a diminution in the cost of cultivation, 
but a considerably augmented produce also both in corn and grass; or 
that this increased produce should alone be found sufficient to repay the 
entire cost of thorough-draining in two or three years. 

An obvious practical suggestion arises out of the knowledge of this 
fact. The deeper the drains, provided the water have still a ready escape, 
the greater the depth of soil which is rendered available for the purposes 
of vegetable nutrition. Deep-rooted plants, such as lucerne, often fail, 
even in moderately deep soils, because an excess of water or the 
presence of some noxious ingredient which deep drains would remove, 
prevents their natural descent in search of food. Even plants, which, 
like that of wheat or clover, do not usually send down their roots so far, 
will yet, where the subsoil is sound and dry, extend their fibres for three 
or more feet in depth, in quest of more abundant nourishment. 

Not only, then, do deep drains permit the use of the subsoil plough 
without the chance of injury,—not only are they less liable to be choked 
up by the accumulated roots of plants which naturally make their way 
into them in search of water,—but they also increase the value and per- 
manent fertility of the land, by increasing its available depth. In other 
words, that kind of drainage which is most efficiently performed, with a 
regard to the greatest number of contingencies, will not only be the most 
permanent, but wil] also be followed by the greatest number of econom?- 
cal advantages. 


lowing and limeing, it was sown with oats in spring, of which it always produced very poor 
crops. It is now so dry as to grow very good crops of turnip or rape, and except in two 
instances, I have always sown my wheat in capital order.”’—Prize Essqys of the Highland 
and Agricultural Society, I., p. 243. 


« 
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9°. Nor do the immediate and practical benefits of draining end with 
the attainment of these beneficial results. It is not till the land is ren- 
dered dry that the skilful and enterprising farmer has a fair field-on 
which to expend his exertions. In wet soils, bones, wood-ashes, rape- 
dust, nitrate of soda, and other artificial manures, are almost thrown 
away. Even lime exhibits but one-half of its fertilizing virtue, where 
water is allowed to stagnate in the soil. Give him dry fields to work 
upon, and the well-instructed agriculturist can bring all the resources, 
as well of modern science as of old experience, to bear upon them, with 
a fair chance of success. The disappointments which the holder of un- 
drained lands so often meets with, he will less frequently experience. 
An adequate return will generally be obtained for his expenditure in 
manuring and otherwise improving his soil, and he will thus be encour- 
aged to proceed in devoting his capital to the permanent amelioration of 
his farm—not less for his own than for his landlord’s benefit. 

Viewed in this light, draining is only the first of a long series of im- 
provements, or rather it ts a necessary preparative to the numerous im- 
provements of which the soil of islands is susceptible—which improve- 
ments it would be a waste of money to attempt, until an efficient system 
of drainage is established. And when we consider how great a national 
benefit this mere preparatory measure alone is fitted directly to confer 
upon the country, you will agree with me in thinking that every good 
citizen ought to exercise his influence in endeavouring, in his own district, 
more or less rapidly to promote it. It has been calculated that the drain- 
age of those lands only, whieh are at present in arable culture (10 mil- 
lions of acres), would at once increase their produce by 10 millions of 
quarters of the various kinds of grain now grown upon them ;—and that 
a similar drainage of the uncultivated lands (15 millions of acres) 
would yield a further increased produce of twice as much more. This 
increase of 30 millions of quarters is equal to nearly one-half of our pre- 
sent consumption* of all kinds of grain—so that were it possible to effect 
at oace this general drainage, a large superfluity of corn would be raised 
from the British soil. 

This general drainage, however, cannot possibly be effected in any 
given time. The individual resources of the land-owners are not suffi- 
cient to meet the expense,f and such calculations as the above are use- 
ful, mainly, in stimulating the exertions of those who have capital to 
spare, or such an excess of income as can permit them to invest an an- 
nual portion permanentlyf in the soil. 

10°. He who drains and thus improves his own land, confers a 
benefit upon his neighbours also. In the vicinity of wet and boggy 


* 65 millions of qnarters. See an excellent paper on this subject in the Quarterly Agris 
cultural Journal, xii, p. 505, by Mr. Dudgeon, of Spyelaw, in Roxburghshire, a county in 
which the practical benefits of draining have been extensively experienced, and are therefore 
well understood. 

t To drain 25 millions of acres. at £6 an acre, would cost 159 millions sterling, a sum equal, 
probably, to the whole capital at present invested ia farming the land. 

} By an efficient drainage the soil is permanently benefitted, but it is not so clear that the 
money it costs is permanently invested or buried in the soil. If the cost be repaid by the 
increase of produce, in three years, the money is not invested, itis only lent for this period 
to the soil. I drain so many acres every year,” said the holder of a large Berwickshire 
farm to me, ‘and I find myself always repaid by the end of the third season. If I have 
spare capital enough, therefore, to go on for three years, I can gradually drain any extent of 
land, by the repeated use of the same sum of money.”’ 
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lands the hopes of the industrious farmer are often disappointed. Mists 
are frequent and rains more abundant on the edges of the moor, and 
mill-dews retard the maturity, and often seriously injure the crops. Of 
undrained land, in general, the same is true to a less extent, and the 
presence of one unimproved property in the centre of an enterprising 
district, may long withhold from the adjoining farms that full measure 
of benefit which the money and skill expended upon them would in 
other circumstances have immediately secured. 

So true is it in regard to every new exercise of human skill and in 
every walk of life, that we are all mutually dependent, every one upon 
every other; and that the kindly co-operation of all can alone secure 
that ample return of good, which the culture either of the dead earth 
or of the living intellect appears willing, and we may hope is ultimately 
destined, to confer upon our entire race. 

11°. I would not here willingly neglect to call your attention to a 
higher benefit still, which the skilful drainage of an extensive district is 
fitted to confer upon its whole population. Not only is this drainage 
equivalent, as above stated, to a change of climate in reference to the 
growth and ripening of plants, but it is so also in reference to the gene- 
ral health of the people, and to the number and kind of the diseases to 
which they are observed to be exposed. 

I may quote in illustration of this fact the interesting observations of 
Dr. Wilson on the comparative state of health of the labouring popula- 
tion in the district of Kelso during the last two periods of ten years. In 
his excellent paper on this subject, in the Quarterly Journal of Agricul- 
ture, (volume xti., p. 317), he has shown that fever and ague, which 
formed nearly one-half of all the diseases of the population during the 
former ten years, have almost wholly disappeared during the latter ten, 
in consequence of the general extension of an efficient drainage through- 
out the country ; while, at the same time, the fatality of disease, or the 
comparative number of deaths from every hundred cases of serious ail- 
ment, has diminished in proportion of 4-6 to 2°59. Such beneficial re- 
sults, though not immediately sought for by the practical farmer, yet 
are the inevitable consequence of his successful exertions. Apart, there- 
fore, from mere considerations of pecuniary profit, a desire to promote 
the general comfort and happiness of the entire inhabitants of a district 
may fairly influence the possessors of land to promote this method of 
ameliorating the soil; while the whole people, on the other hand, of 
whatever class, ought ‘‘ gratefully to acknowledge the value of those im- 
provements which at once render our homes more salubrious and our 
fields more fruitful.” 


The practical benefits of draining, therefore, may be stated generally 
as follows :-— 

A. It is equivalent not only to a change of soil, but also to a change 
of climate, both in reference to the growth of plants and to the health 
of the population. 

B. It is equivalent also to a deepening of the soil, both by removing 
the water and by allowing those noxious ingredients to be washed out 
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of the subsoil which had previously prevented the roots from descend- 
ing. 

C. It is a necessary preparation to the many other means of improve- 
ment which may be applied to the land. 

You will now be able to perceive in what way it is possible that 
even light and sandy soils, or such as lie on a sloping surface, may be 
greatly benefitted by draining. Where no open outlet exists under a 
loamy or sandy surface soil, any noxious matters that either sink from 
above, or ooze up from beneath, will long remain in the subsoil, and 
render it more or less unwholesome to valuable cultivated plants. But 
let such an outlet be made by the establishment of drains, and that 
which rises from beneath will be arrested, while that which descends 
from above will escape. The rain-waters passing through will wash 
the whole soil also as deep as the bottom of the drains, and the atmos- 
pheric air will accompany or follow them. 

The same remarks apply to lands which possess so great a natural 
inclination as to allow the surface water readily to flow away. Such a 
sloping surface does not necessarily dry the subsoil, free it from noxious 
substances, or permit the constant access of the air. Small feeders of 
water occasionally make their way near to the surface, and linger long 
in the subsoil before they make their escape. This is in itself an evil; 
but when such springs are impregnated with iron the evil is greatly 
augmented, and from such a cause alone a more or less perfcet barren- 
ness not unfrequently ensues. To bring such lands by degrees to a 
sound and healthy state, a mere outlet beneath is often alone sufficient. 

It is to this lingering of unwholesome waters beneath, that the origin 
of many of our moor-lands, especially on higher grounds, is in a great 
measure to be attributed. A calcareous or a ferruginous spring sends up 
its waters into the subsoil. 'The slow access of air from above, or it 
may be the escape of air from water itself, causes a more or less ochrey 
deposit,* which adheres to and gradually cements the stones or earthy 
particles, among which the water is lodged. Thus a layer of solid 
stone is gradually formed—the moor-land pan of many districts—which 
neither allows the roots of plants to descend nor the surface water to es- 
cape. Hopeless barrenness, therefore, slowly ensues. Coarse grasses, 
mosses, and heath, grow and accumulate upon soils not or2ginally in- 
clined to nourish them, and by which a better herbage had previously 
been long sustained. Of such lands many tracts have been reclaimed 
by breaking up this moor-land pavement, but such an improvement, 
unless preceded by a skilful drainage, can only be temporary. The 
same natural process will again begin, and the same result will follow, 
unless an outlet be provided for the waters from which the petrifying 
deposit proceeds. . 

It ought to be mentioned, however, that where a ready passage and 
escape for the water is provided by an efficient drainage, and especially 
in light and porous soils, the saline and other soluble substances they 


* If the water contain sulphate of iron, the air from above will impart to its iron an ad- 
ditional quantity of oxygen, and cause a portion of it to fall in the state of peroxide. If the 
iron or lime be present in the state of bicarbonate, the escape of carbonic acid from the 
water will cause a deposit of carbonate of iron or of lime. Any of these deposits will 
cement the earthy or stony particlestogether. Iron, however, is sometimes held in solu- 
tion by an organic acid (crenic), which becomes insoluble, and falls along with the iron 
when the latter has absorbed more oxygen from the atmosphere. 
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contain will be liable, in periods of heavy rain, to be more or less com- 
pletely washed out and carried off by the water that trickles through 
them. While, therefore, the establishment of drains on all soils may 
adapt and prepare them for further improvements, and may make them 
more grateful for every labour or attention that may be bestowed upon 
them—yet after drainage they must be more liberally dealt with than 
before, if the increased fertility they at first exhibit is to be permanently 
maintained or increased. 


§ 3. Of the theory of Springs. 


In the general drainage of the land a double object is sought to be at- 
tained. In very rainy districts, the first wish of the farmer is to carry 
off the surface water from his fields—but where less rain falls, that 
which ascends from beneath in springs, attracts at least an equal share 
of the husbandman’s regard. In draining, with a view to the removal 
of this latter source of superfluous moisture, a knowledge of the true 
theory of springs, as indicated by an examination of certain geological 
phenomena, is of the greatest possible service to the practical man, in 
pointing out the sources from which the water that injures his land pro- 
ceeds, as well as the lines along which it may be most efficiently and 
most economically carried off. 

1°. The rain which falls on the surface of an extensive tract of country 
partly escapes into the rivers, and partly sinks into the earth. This 
Jatter portion descends through the covering of soil and other loose ma- 
terials till it reaches the rocks on which they rest. If these rocks are 
porous, like many sand-stones, or are traversed by cracks and _ vertical 
fissures, as many sand-stones and lime-stones are, it descends through 
them also till it reaches a bed, such as one of indurated clay, so close and 
conipact as to resist its further passage. By this impervious bed the wa- 
ter is arrested, and is, therefore, compelled to spread itself laterally, and 
gradually to accumulate in the beds that lie above it. Thus, if the 


outline from A to C in the annexed diagram represent the surface of an 
undulating country, in which the subjacent rocks (1, 2, 3, 4) are covered 
by a considerable thickness of loose materials, the rain which falls from 
A to B will sink more or less rapidly to the bed (1), and, if this be im- 
permeable to water, will rest there, or will slowly drain off in the di- 
rection of B and C along the inclined surface of the rock. But if (1) 
be porous, it will sink through it to the surface of the bed (2), and 
through this also, if permeable, to (3) or (4), watil it reaches the stratum 
through which it cannot pass. On the surface of this latter bed, or 
among the rocks above it, the water will accumulate until, flowing 
downwards towards C, it is enabled either to sink among the deeper 
rocks or to make its escape again to the surface. 

But if the rocks beneath, as is shown in the same diagram from E to 
¥, be traversed by vertical fissures passing through two or more, or, like 
the one represented from B to EF, through a great number of beds, the 
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water that falls on the surface will readily find a passage downwards to 
a considerable depth, and to the same cracks the water that lodges 
among the unfissured rocks from D to E will also gradually make its way. 

The practical effects of these several conditions on the drainage of a 
country are very obvious. Ifthe stratum (1) be impervious to water, 
the surface from A to B may be full of water, and may urgently de- 
mand the introduction of drains, whereas if (1) and (2) be porous, the 
surface water will gradually sink, and the apparent necessity for artifi- 
cial drainage will become much less striking. On the other hand, 
where the rocks are filled with frequent cracks, as from B to C, the 
surface water may descend and disappear so rapidly, as to render 
useless the sinking of wells—and, as in dry summers, greatly to retard 
the progress of the crops, or even seriously to injure the produce of the 
harvest. In such a fissured state are the magnesian lime-stone rocks in 
seme parts of the county of Durham—and such is the consequent scar- 
city of water, on some farms, that when, in long droughts, the supply 
preserved in artificial tanks begins to fail, the cattle must be driven to 
water sometimes for miles, to the nearest living brook. 

2°. But water often finds its way to greater depths without passing 
through tke superior strata, aud even where they are absolutely impervi- 
«us to the rains that fall upon them. Thus along the country from A to 
B, and especially towards A, the surface soil rests upon the upper edges 


qd 
of the strata. Suppose now the beds 1, 2, 3, to be impervious to water, 
the rain that falls wherever these recks lie immediately beneath the sur- 
face will either remain stagnant, or will flow off by some natural drain- 
age. Thus from the highest point C in the above diagram, the water 
will descend on either hand towards a and b. At 6 it may remain stag- 
nant, for it cannot descend through the bed (2), which forms the bottom 
of the valley, and the same is true of the hollow c, in which other por- 
tions of the water will rest. All this tract of country, therefore, will be 
more or less cold, wet, and consequently unproductive. But let the bed 
(4), the edge (or eutcrep) of which forms the surface at @, be porous or 
permeable, then the water which falls upon that spot or which descends 
from the higher grounds about C and A, will readily sink and drain off, 
descending from a towards d along the inclined bed till it finds an outlet 
in the latter direction. 

Thus it may readily happen that a naturally dry and fertile valley, as 
at ad, may exist at no great distance from others, b and c, which are 
marshy and insalubrious, and in which artificial drainage alone can de- 
velope the agricultural capabilities of the soil. It appears also that, 
though in any district the rocks which lie immediaiely beneath the sur- 
face may contain no water, and may allow none to pass through them, 

et that other beds, perhaps at a greatdepth beneath, may contain much.., 

t is, in fact, this accumulation of water beneath impervious beds that 
i¢ 
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gives rise to so many natural springs, and enables us by artificial wells 
to bring water to the surface—often where the land would otherwise be 
wholly uninhabitable. ‘ 
3°. Thus in undulating countries, where hill-sides frequently pre- 
sent themselves, or valleys are scooped out among the rocks, as in the 
following wood-cut, the water that has fallen over the high grounds to- 


wards A, and has entered as above described, or has sunk down to the 
several strata 1, 2, 3, &c., will find a ready outlet along the slope of the 
valley, and will give rise to springs at a, b, ¢, or d, according as the wa- 
ter has lodged in the one or the other of these beds. These springs will 
fill the surface soil with water, whieh will also descend into the bottom of 
the valley, and, if no sufficient outlet be provided for it, will, according 
to its quantity, give rise to a lake, a bog, or a morass. On the slope to- 
wards B the same springs are not to be expected, since the rains which 
sink through the surface on this side of the valley, and lodge in the po- 
rous rocks beneath, will, by the inclination of the beds, be drawn off in 
the opposite direction, till a second valley cr some other available outlet, 
present itself for their escape. This explains why the land on one side 
of a valley or of a hill is often much drier than on the other, and why, 
even in the absence of the improver’s skill, an apparently more fertile 
soil may exist, and better crops be reaped. 

4°, Again, such an outlet for the waters that rest among inclined strata 
is not unfrequently afforded, without the tmtervention of valleys, and 
even in level or hilly countries, by the existence of slips or faults in the 
rocks beneath. Such a slip or shifting of the beds is represented in the 


annexed diagram, in which B D is a crack, along which the strata from 
B to C appear to have slipped downwards, so that the thin bed (2), for 
example, which terminates at b on the one side of the crack, begins again 
at a lower level c on the other side, and so with the other beds that lie 
above and below it. None of them is exactly continuous on the oppe- 
site sides of the slip. From such cracks or faults in the beds, springs of 
water often rise to the surface, even on hill tops, as at B, and they may 
be thus thrown or forced out from either of two causes— —* 

1. These slips are often of considerable width, and are usually found 
to be filled with impervious clay. This is the case at least among the 
coal measures, which have beeu the most extensively explored. The 
effect of this wall of clay is to dam back at B D the water which de- 
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scends along the inclined beds towards C from the country beyond A, 
and thus to arrest its further progress. But the pressure of the water 
behind forces that which has reached the fault B D to seek a way up- 
wards, and, as spaces not unfrequently exist between the wall of clay 
and the rocks between which it stands, the water finds a more or less 
realy outlet at the surface B, and either gushes forth as a living and 
welcome spring, or oozes out unssen among the soil, rendering it cold, 
wet, and unproluctive. Taus from 6 the water accumulated in the bed 
(2) may rise to the surface, or from fthat which exists in (4), or from 
any other bed in which water exists, and from almost any depth. 

2. But evea where no such wall of clay exists, the waters may still 
fin. their way to the surface along lines of fault, and from great depths. 
Thus suppose the thin bed (2) to be full of water, and that it is covered 
by an impervious bed (1), then the water which tends downwards from 
ato b will be arrested at the fault, and dammed back by the impervious 
extremity of (1) against which it now rests. If an outlet can be found, 
it will therefore rise towards the surface. And as the rocks incline up- 
wards in the direction of A, the pressure from behind may easily cause 
the water to ascend to the summit of the hill at B, and to gush out ina 
more or less copious spring. 

5°. Where no natural outlets of the kind above described exist in a 
district, there may be a great scarcity of water on the surface, while 
abundance, as we have already seen (2°), may exist in the rocks be- 
neath, ready and willing to rise if a passage be opened for it. Such is 
the case with the site of the city of London, represented below :— 


St. Alban’s. Hampstead. London. Thames. Sydenham, Knockholt. 


SECTION ACROSS THE LONDON BASIN FROM ST. ALBAN’S TO KNOCKHOLT. 
(Buckland’s Bridgewater T'reatise, plate 69,) 


1. Marine Sand. 2 London Clay (almost impermeable). 3. Plastic Clay and Sand. 
4. Chalk, both full of water. 


The rain-water which falls between a and A on the one hand, and 
upon the plastic clay and chalk between d and B on the other, sinks into 
these two beds and rests in them till it fuds an escape. It cannot rise 
through the great thickness of impervious clay on which London and its 
neighborhood stands, unless where wells are sunk, as above represented 
at a, b, c, d, either into the plastic clay (3), or into the chalk (4), when 
the water ascends copiously till it reaches the general level of the country 
about St. Alban’s, the lowest part of the basin where the permeable beds 
form the surface. Hence in the vale of the Thames at Jb, it rises-above 
the surface, and forms a living spring, while at other places, asat a, c, d, 
it has still to be pumped up from a greater or less depth.* It is the ex- 


* In January 1840, there were stated to be in the London clay upwards of 200 such wells, 
ef which 174 were in London, and of which latter 30 taken together were known to yield 30 
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istence of water beneath the surface where the soils rest on impermea- 
ble beds, and the known tendency of these waters to rise when a boring 
is sunk to them, that have given rise to the establishment of Artesian* 
wells, so frequently executed, and with so much success, in recent times. 
There is probably no geological fact that promises hereafter to be of more 
practical value to mankind, when good government and the arts of peace 
shall obtain a permanent resting-place in those countries where, without 
irrigation, the soil remians hopelessly barren. Wherever a living spring 
bursts out in the sands of Arabia, in the African deserts, or in the parched 
plains of South America, an island of perennial verdure delights the eye 
of the weary traveller, and wherever in such countries the labour of man 
has been expended in digging wells, and in raising water from them for 
artificial irrigation, the same beauty and fertility always appear. It 
has recently been found that the oases of Thebes and Garba, in Upper 
Egypt, where the blown sands now hold a scarcely disputed dominion, 
are almost riddled with wells sunk by the ancient Egyptians, but for the 
greater part long since filled up. The re-opening of such wells might 
restore to these regions their long-lost fertility, as the sinking of new 
ones by our easier and more economical methods might reclaim. many 
other wide tracts, and convert them to the use of man. In contemplating 
what man may do, when his angry passions and his prejudices do not 
interfere with the exercise of his natural dominion over dead matter, it is 
not unreasonable to hope that, guided by such indications of natural 
science, human industry may hereafter, by slow degrees, re-establish its 
power in long-deserted regions of country, spreading abundance over the 
broad wilderness, staying the Arab’s wandering foot, and fixing his 
household in a permanent and plenteous home. 

6°. It not unfrequently happens that alternate layers of sand and clay 
overspread the rocks of a country, and act in arresting or in throwing out 
the surface water in the same manner as the solid strata beneath. Thus 


under the surface A B here represented, alternate layers of sand and clay 
overspread the inclined beds of rock, and alone affect not only the qual- 
ity but the state of dryness also of the soil. 

The rain which falls on the upper bed of sand will sink no further 
than the first bed of clay, and will appear as a spring, or will form a 
wet band along the side of the hill, ata. That which falls or exists in 
the second bed of sand will in like manner come to day at 6, c, and d, e, 


millions of gallons weekly. This number of wells has since been increased, and is still 
increasing. The borings are generally carried down into the chalk, because the water which 
ascends from the plastic clay has been found to bring with it much sand, which both ob- 
structs the pipes and is injwrious to the pumps. 

* So called from the district of Artots, in France, in which it was formerly supposed that 
such borings had been longest or most extensively practised. 
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filling the two vallies more or less with water, and forming’ wet tracts of 
country resting upon a lower bed of impervious clay. 

In endeavouring to form a satisfactory opinion as to the best mode of 
draining a piece of land, it is of great importance to be able to determine 
not only the immediate natural source of the water we are desirous to re- 
move, but also the probable quantity it may be necessary to carry off, 
and the permanence of the supply. It is well known, for example, that 
in many spots, when the accumulated waters are once carried off, there 
remains only a small and probably intermitting supply, for which an 
outlet is afterwards to be left and kept open; while in other localities a 
constant stream of water is seen to pass along the drains. In connection 
with this point it is of consequence to make out whether the water is 
thrown out by surface clays, as in this latter diagram, or flows from 
among the solid rocks at a greater or less depth—as shown in the prece- 
ding wood-cuts. That which is thrown out by beds of clay is in most 
cases derived only from the rains that fall, and is, therefore, liable to in- 
termit, to cease altogether, or to become more copious, according as the 
season is dry or otherwise ; while that which escapes from a bed of rock, 
being independent of the seasons, will seldom vary in quantity. Thus 
it happens that where surface water enly stagnates in the soil of a district, 
a warm, dry, and long continued summer may cause it to yield a crop 
of unusual excellence, while other soils fed by springs from beneath may, 
even in such seasons, still retain moisture enough to render them unfit to 
rear and ripen a profitable crop of corn. 


7°. There remains one other interesting principle connected with this 
subject, which I must briefly explain to you. Let C and D in the ac- 


A 


companying wood-cut be two impervious beds through which the water 
finds no escape, and from which the rains pass off only by the natural in- 
clination of the ground, and let E be a porous bed from which the water 
finds a ready escape somewhere towards the right. Then if a boring 
be sunk through C and Din any part of this tract of country, the wa- 
ter will descend, and will be absorbed by the bed E. Such dry, porous 
or absorbent beds exist in many localities, and the skilful drainer may 
occasionally avail himself of their aid in easily and effectually freeing 
land from Water, which could not without great cost be permanently 
drained by any other method. Where water collects on a surface rest- 
ing upon chalk, or upon the loose sands beneath it, this method of boring 
is frequently had recourse to in some of our southern counties. One dan- 
ger, however, is to be guarded against in trying this method, that the 
bore-rod, namely, may enter a bed which is full of water, and from. 
which, as in Artesian wells, it may readily, and in considerable quantity, 
ascend. Such a boring it is obvious would only add to the evil, and 
might render necessary a larger outlay in establishing an efficient sys- 
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tem of drainage by the ordinary method, than would otherwise have been 
required.* 

[do not enter into any further details in regard to the application of 
these principles to the practice of draining, being satisfied that when you 
have once mastered the principles themselves, the applications will 
readily suggest themselves to your own minds when circumstances re- 


quire it. 
§ 4. Of ploughing and subsoiling. 


I. Ploughing.—Apart from the obvious effect of ploughing the land, 
in destroying weeds and insects, the immediate advantage sought for 
by the farmer is the reduction of his soil to a state of minute division. 
In this state it is not only more pervious to the roots of his cora, but it 
also gives a more realy adinission to the air and to water. 

Of the good effects produced by the easy descent and escape of water 
from the Surface, [ have already spoken (p. 306), but the permeability 
of the soil to air is no less useful in developing its natural powers of pro- 
duction, How important the presence of the air is both to the mainten- 
ance of animal and to the support of vegetable life, we have had fre- 
quent occasion to observe. Ly its oxygen the breathirg of animals 1s 
sustained, and by its carbonic acid the living plant is fed. On the earthy 
particles, of which the soil consists also, the influence of these gaseous 
substances, though not so visible and striking, is of almost equal conse- 
quence in the economy of nature. Among other immediate benefits 
derived from the free access of air into the soil, we may enumerate the 
following :— ] 

1°. The presence of oxygen in the soil is necessary to the healthy 
germination of all seeds (page 132), and it is chiefly because they are 
placed beyond its reach, that those of many plants remain buried for 
years without signs of life, though they freely sprout when again brought 
to the surface and exposed to the air. We have also seen reason to be- 
lieve (page 77), that the roots of living plants require a supply of 
oxvgen in order that they may be maintained in a healthy condition. 
Such a supply ean only be obtained where the soil is sufficiently open 
to permit the free circulation of the air among its pores. 


* It sometimes happens that in sinking an old well deeper 
for the purpose of obtaining a better supply of water, the 
original springs disappear altogether. This is owing to the 
occurrence at this greater depth, of an absorbent bed, in 
which the water disappears. By descending still further, a 
second supply of water may often be found, but which will 
naturally ascend uo further than the absorbent bed, by which 
the whole snpply will be drunk up, if not prevented by the 
insertion of a ‘wetal pipe. Advantage is sometimes taken of 
the known existence of such absorbent Sirata, not only for the 
purposes of draining, but also for removing waste water of 
various kinds. An interesting example ofsnch application is 
to be seen at St. Denis, in the Place aux Gueldres, where the 
water from the bed fat the depth of 200 feet ascends through 
the inner tube a—from another bed ¢, at 160 feet, through the 
tube 4—while between it and the outermost tube, through the 
space ¢, it is sent downagain after it has been employed in 
esebing the square, and disappears in the absorbent stra- 
tum d, 
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2°. In the presence of air the decomposition of the vegetable matter 
of the soil preceeds more rapidly—it is more speedily resolved into those 
simpler forms of matter, carbonic acid and water chiefly (page 152), 
which are fitted to minister to the growth of new vegetable races. In 
the absence of the air also, not only does this decomposition proceed 
more slowly, but the substances immediately produced by it are fre- 
quently unwholesome to the plant, and therefore fitted to injure, or ma- 
terially to retard, its growth. 

3°. When the oxygen of the air is more or less excluded, the vege- 
table matter of the soil takes this element from such of the earthy sub- 
stances as it is capable of decomposing, and reduces them to a lower 
state of oxidation. ‘Thus it converts the red or per-oxide of iron into 
the prot-oxide (p. 211), and it acts in a similar manner upon the oxides 
of manganese (p. 213). It also takes their oxygen from the sulphates (as 
from gypsum), and converts them into sulpburets. These lower oxides 
of iron and manganese are injurious to vegetation, and it is one of the 
beneficial purposes served by turning up the soil in ploughing, or by 
otherwise loosening it so as to allow the free admission of atmospheric 
air, thatthe natural production of these oxides is either in a great mea- 
sure prevented, or that when produced they speedily become harmless 
again by the absorption ef an additional dose of oxygen. 

4°, Further, there are few soils which do not contain, in some quan- 
tity, fragments of one or other of those compound mineral substances of 
which, in a previous lecture, (xii., p. 257,) we have seen the crystalline 
rocks to consist—of hornblende, of mica, of felspar, &c., in a decom- 
posing state. Krom these minerals, as they decompose, the soil, and 
therefore the plants that grow in it, derive new supplies of several of 
those inorganic substances which are necessary to the healthy nourish- 
ment of cultivated crops. ‘lhe continued decomposition of these mine- 
ral fragments is aided by the access of air, and near its surface, in an es- 
pecial manner, by the carbonic acid which the air contains. A state of 
porosity, therefore, or a frequent exposure to the air, is favourable to the 
growth of the plant, by presenting to it$ roots a larger abundance not only 
of organie but also of inorganic food. 

5°. Again, that production of ammenia and of nitric acid in the soil, 
to which I drew your especial attention on a former occasion (pages 157 
and 160), as apparently of so much consequence to vegetable life, takes 
place more rapidly, and in larger quantity, the more frequently the land 
is turned by the plough, broken by the clod-crusher, or stirred up by the 
harrow. Whatever amount of either of these compounds, also, the sur- 
face soil is capable of extracting fiom the atmosphere, the entire quan- 
tity thus absorbed will evidently be greater, and its distribution more 
uniform, the more completely the whole soil has been exposed to its in- 
fluence. Itis for this, among other reasons, that, as every farmer knows, | 
the better he can plough and pulverise his land, the more abundant in 
general are the crops he is likely to reap. 

6°. Nor lastly, though in great part a mechanical benefit, is it one of 
little moment that when thus every where pervious to the air, the roots 
also can penetrate the soil in every direction. None of the food around. 
them is shut up from the approach of their numerous fibres, nor are they 
prevented, by the presence of noxious substances, from throwing out 
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branches in every direction. A deep soil is not absolutely necessary fo 
the production of valuable crops. A well-pulverised and mellow soil, 
to which the air and the roots have every where ready access, will, 
though shallow, less frequently disappoint the hopes of the busbandman, 
—than where a greater depth prevails, less permeable to the air, and 
therefore less wholesome to the growing reots. 

II. Subsoil Ploughing.—And yet, as a general rule, it eannot be de- 
nied that a deep soil is greatly superior in value to a shallow soil of the 
same nature. It is so both to the owner-and to the oecupier, though in 
too many cases the available qualities of deep soils have hitherto been 
more or less overlooked and neglected. 

The general theoretical principle on this subject—that the deeper the 
soil the longer it may be cropped without the risk of exhaustion, and ihe 
greater the variety of crops, deep as well as shallow-rooted, which may 
be grown upon it—is so reasonable in itself, as to command a ready ac- 
quiescence. But asoil is virtually shallow where a few inches of porous 
earth, often turned by the plough, rest upon a subsoil, hard, stiff, and al- 
most impervious,—and the practical farmer will rarely be willing to 
allow the depth of the latter to influence his opinion in regard to the gene- 
ral value of the land. And inthis he is so far correct, that a subsoil 
must be dried, opened up, mellowed by the air, and rendered at once 
pervious and wholesome to the roots of plants, before it can be made 
available for the growth of corn. This may be effected, after draining, 
by the use of the subsoil plough, an instrument at present, I believe, 
unequalled for giving a real, practical, and money-value to stiff and 
hitherto almost worthless clayey subsoils. It is an auxiliary both to the 
surface plough and to the drain, and the source of its efficacy will appear 
from the following eonsiderations : 

1°. The surface plough turns over and loosens the soil to the depth of 
6 to 10 inches—the subsoil plough tears open and loosens it to a further 
depth of 8 or 10 inches. ‘hus the water obtains a more easy descent, 
and the air penetrates, and roots more readily make their way among 
the particles of the under-soil. So far it is an auxiliary to the common 
plough, and assists it in aérating and mellowing the soil. 

2°. But though it opens up the soil for a time to a greater depth, the 
subsoil plough will in most cases afford no permanent cure for the defi- 
ciencies of the subsoil, if unaided by the drain. If the soil rest upon 
an indurated substratum—upon a calcareous or ochrey pan—this plough 
may tear it up, may thus allow the surface water to sink, and may great- 
ly benefit the land ; but the same petrifying action will again recur, and 
the benefit of the subsoiling will slowly disappear. Or, if the subsoil 
contain some noxious ingredients, such as salts of iron, which the ad- 
mission of air is fitted to render harmless, then the use of this pleugh 
may afford a partial amelioration. But in this case. also, the effect will 
be only temporary ; since the source of the evil has not been removed, 
the same noxious compounds will again be naturally produced, or will 
again, in fresh supplies, be conveyed into the soil by springs. Or, if the 
subsoil be a stiff clay, containing no noxious ingredient, it may be cut, or 
for the time torn asunder, but scarcely will the plough have passed over 
it till the particles will be again cemented together, and probably, by the 
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end of a single season at the furthest, the uncer-soil may be as solid and 
impermeable as ever. 

lt is as the follower of the drain, therefore, in the course of improve- 
ment, that the subsoil plough finds its most beneficial and most economi- 
eal use. After land has been drained, the water may still too slowly 
pass away, or the air may have too imperfect an entrance into the sub- 
soil from which the drains have removed the water. In the former case, 
the subsoil plough must be employed, in order that the drains may be- 
come fully efficient; in the latter, that the under-layers may be opened 
up to all the beneficial influences which the atmosphere is fitted to exert 
upon them. In this respect it is an auxiliary to the drain. But as the 
full effect which the subsoil plough is capable of producing upon stiff 
and clayey subsoils, can only be obtained after they have been brought to 
such a state of dryness that the sides of the cut or tear, which the plough 
has made, will not again readily cohere, it is of importance that the 
drains should be allowed a considerable time to operate before the use of 
this plough is attempted. The expense of the process is comparatively 
great, and this expense will be in a great measure thrown away upon 
clay lands, which are undrained, or from which the water, either through 
defective draining, or from the want of sufficient time, has not been able 
fully to flow away. There are few kinds of clay land on which the ju- 
dicious use of this valuable instrument will not prove both actually and 
economically useful, though from the neglect of the above necessary pre- 
caution, it has been found to failin the bands of some. Such failures, 
however, do not justify us in ascribing to some fancied defect in the in- 
strument, or in the theory upon which its use is recommended, what ne- 
cessarily arose, and could have been predicted, from our own neglect of 
an indispensable preliminary observation. ‘The sanguine anticipations 
of its inventor, Mr. Smith, of Deanston, may not be fully realized, yet 
the value of the subsoil plough itself, and the benefits it is fitted to conter, 
when rightly used, appear to me to be both theoretically and practically 
established. 


§5. Of deep-ploughing and trenching. 


Deep-ploughing and trenching differ from ordinary and subsoil plough- 
ing in this,—that their special object is to bring to the surface and to mix 
with the upper-soil a portion of that which has lain long at a consider- 
able depth, and has been more or less undisturbed. 

The benefit of such an admixture of fresh soil is in many localities un- 
doubted, while in others the practical farmer is decidedly opposed to it. 
On what principle does its beneficial action depend, and in what cireum- 
stances is it likely to be attended with disadvantage ? 

1°. It is known that when a heavy shower of rain falls it sinks into 
the soil, and carries down with it such readily soluble substances. as it 
meets with on the surface. But other substances also, which are more 
sparingly soluble, slowly and gradually find their way into the subsoil, 
and there more or less permanently remain. Among these may be 
reckoned gypsum, and especially those silicates of potash and soda al- 
ready spoken of (page 206), as apparently so useful to corn-growing 
planis. Such substances as these naturally accumulate beyond the 
reach of the ordinary plough. Insoluble substances likewise slowly 
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sink. This is well known to be the case with lime, when laid upon or 
ploughed into the land. So it is with clay, when mixed with a surface 
soil of sand or peat. They all descend ull they get beyond the reach of 
the common plough—and more rapidly it is said (in Lincolnshire) 
when laid down to grass, than when they are constantly brought to 
the surface again in arable culture. Thus it happens that after the sur- 
face soil becomes exhausted of one or other of those inorganic compounds 
which the crops require, an ample supply of it may be still present in 
the subsoil, though, until turned up, unavailable for the promotion of ve- 
getable growth. 

There can be little question, I think, that the greater success which 
attends the introduction of new implements in the hands of better in- 
structed men, upon farms long held in arable culture, is to be aseribed in 
part to this cause. One tenant, during a long lease, has been in the 
habit of ploughing to a depth of three, or at most, perhaps, of four 
inches—and from this surface the crops he has planted have derived their 
chief supplies of inorganic food. He has limed his land in the customary 
manner, and has laid upon it all the manure he could raise, but bis crops 
have been usually indifferent, and he considers the land of comparative- 
ly little value. But another tenant comes, and with better implements 
turns up the land to a depth of 7 or 8 inches. He thus brings to the sur- 
face the lime and the accumulated manures which have naturally sunk, 
and which his predecessor had permitted year after year to bury them- 
selves in his subsoil. He thus has a new, oftena rich, and almost always 
a virgin soil to work upon—one which, from being long buried, may re- 
quire a winter’s exposure and mellowing in the air, but which in most 
cases is sure to repay him for any extra cost. he deep ploughing 
which descends to 14 inches, or the trenching which brings up a new 
soil from the depth of 20 or 30 inches, is only an extension of the same 
practice. Itis justified and recommended upon precisely the same 
principle. It not only brings a new soil, containing ample nourishment, 
to the immediate roots of plants, but it affords them also a deeper and 
more open subsoil, through which their fibres may proceed in every di- 
rection in search of food. The full benefits of this deepening of the soil, 
however, can only be expected where the subsoil has previously been 
laid dry by drains ; for it matters not how deep the loosened and perme- 
able soils may be, if the accumulation of water prevent the roots from 
descending. 

2°. Two practical observations, however, may here be added, which 
the intelligent farmer will always weigh well before he hastily applies 
this theoretical principle—sound though it undoubtedly be—in a district 
with which he has no previous acquaintance. It is possible that the 
deeper soil may contain some substance decidedly noxious to vegetation. 
In such a case it would be improper at once to mix it with the upper 
soil. Good drains must be established, they must be allowed some time 
to act, and the #ubsoil plough will be used with advantage, before any 
portion of such an under-soil can be safely brought to the surface. The 
subsoil plough and the drain, indeed, as I have already mentioned, are 
the most certain available remedies for such a state of the subsoil. In 
many localities, however, the exposure of such an under-soil to a winter’s 
frost, or to-asummer fallow, will so far improve and mellow it, as to ren- 
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der it eapable of being safely mixed with the surface soil. Unless, how- 
ever, this mellowing be effected at once, and before admixture, a long 
time may elapse ere the entire soil attain to its most perfect condition.* 
Again, it is known that some districts, for reasons perhaps not well un- 
derstood, are more infested than others with insects that aitack the corn 
or other crops. These insects, their eggs, or their larve, generally bury 
themselves in the undisturbed soil, immediately beyond the ordinary 
reach of the plough. If they remain wholly undisturbed during the 
preparation of the soil, some species remain in a dormant state, and the 
subsequent crop may in a great measure escape. Plough the land deep- 
er than usual, and you bring them all to the surface. Do this in the 
autumn, and leave your land unsown, and the frost of a severe winter 
may kill the greater part, sothat your cropsmay thereafter growin safety. 
But cover them up again along with your winter corn, or let this 
deep ploughing be done in the spring, and you bring all these insects 
within reach of the early sun, and thus call them to life in such num- 
bers as alinost to ensure the destruction of your coming crop. It is to 
something of this kind that Iam inclined to attribute the immediate fail- 
ures which have attended the trial of deep ploughing in certain parts of 
England. Thus in Berkshire, certain soils which are usually ploughed 
to a depth of only two inches, yielded almost nothing when deeper plough- 
ing was more lately tried upon them—the crop was almost entirely de- 
stroyed by insects. So also in the north of Yorkshire, where deep 
ploughing has recently been attempted, the wheat crop on land so treated 
was observed to sufler mdre from the worm than on any other spot. 
Such facts as these, therefore, show the necessity of caution on the part 
of the practical man, and especially of the land agent or steward, how- 
ever correct may be the principles on which his general practice is 
founded. Failures such as the above donot show the principle on which 
deep ploughing is recommended to be false, or the practice to be in any 
case reprehended: but it does show ihat a knowledge of natural local 
peculiarities, and some study of ancient local practice, may, in an im- 
portant degree, influence our mode of procedure in introducing more 
improved methods of husbandry into any old agricultural district. 


§ 6. Lnprovement of the soil by miaximg. 


There are some soils so obviously defective in constitution, that the 
miost common observer can at once pronounce them likely to be improved 
by mechanical admixtures of various kinds. ‘Thus peaty soils abound 
too much in vegetable matter; a mixture of earthy substances, there- 
fore, of almost any common kind, is readily indicated as a means of im- 
provement. In like manner we naturally impart consistence to a sandy 


* The Marquis of Tweedale, in his home-farm at Yesters, has raised his land in value 
eight times (from ds. to 40s. per acre), by draining and deep ploughing. After draining, the 
fields of stiff clay, with streaks of saud inthe suosoil, are turned over to a depth of 12or 14 
inches, by two ploughs(two horses each) following one another, the under 6 inches being 
thrown on the top. In this stare it is left to the winter’s frost, when it falls to a yellow marly 
looking soil. It is now ploughed again to a depth of 9 or 10 inches, by which half the origt- 
nal soil is brought again to the surface. By across ploughing thisis mixed with the new 
soil, afler which the field is prepared in the usual way for turnips. But it is observed that if 

the ploughing has been so late that the subsoil has not had a proper exposure to the winter’s 
cold, the land on such spots does not for many years equal that which was earlier ploughed. 
The reason is, that when once mixed up with the other soil, the air has no longer the same 


easy access into its pores. 
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soil by an admixture of clay, and openness and porosity to stiff clays by 
the addition of sand. 

The first and obvious effect of such additions is to alter the physical 
qualities of the soil—to consolidate the peats and sands, and to loosen 
the clays. But we have already seen that the fertility of a suil, or its 
power of producing a profitable return of this or that crop, depends in 
the first place on its chemical constitution. 1t must contain in sufficient 
abundance all the inorganic substances which that crop requires for 
its daily food. Where this is already the case, as in a rich stitfclay, a 
decided improvement may be produced by an admixture with siliceous 
sand, which merely separates the particles mechanically, and renders 
the whole more porous. But let the clay be deficient in some necessary 
constituent of a fertile soil, and such an addition of siliceous sand would 
not produce by any means an equal benefit. It may be proper to add 
this sand with the view of producing the mere physical alteration, but 
we must add some other substance also for the purpose of producing the 
necessary chemical change. 

The good effects which almost invariably follow from the addition of 
clay to peaty or sandy soils are due to the production at oneand the saine 
time of a physical and of achemical change. ‘They are not only ren- 
dered tirmer or more solid by the admixture of clay, but they derive 
from this clay at the same time some of those mineral substances which 
they previously contained in less abundance. 

The addition of marl to the land acts often in a similar two-fold capa- 
city. It renders clay lands more open and friable, and to all soils brings 
an addition of carbonate, and generally of phosphate of lime, both of 
which are proved by experience to be not only very influential, but to be 
absolutely necessary to healthy vegetation. 

That much benefit to the land would in many instances accrue from 
such simple admixtures as those above adverted to, where the means 
are available, will be readily granted. ‘The only question on the sub- 
ject that ought to arise in the ‘mind ofa prudent man, is that which is 
connected with the economy of the case. Is this the most profitable way 
in which I can spend my money? Can I employ the spare labour of 
my men and horses inany other way which will yield me a larger 
return? It is obvious that the answer to these questions will be modi- 
fied by the circumstances of the district in which he lives. It may be 
more profitable to drain,—or labour may be in great request and ata 
high premium,—or a larger return may be obtained by the investment 
of | money in purchasing new than in improving old lands. It is quite 
true that the country at large is no gainer by the mere transfer of land 
from the hands of A to those of B, and that’ he is undoubtedly the most 
meritorious citizen who, by expending his money in improving the soil, 
virtually adds to the breadth of the land, in causing it to yield a larger 
produce. Yet it is no less true that the employment of individual capi- 
tal in such improvement is not to be expected generally to take place, 
unless it be made to appear that such an investment is likely to be as 
profitable as any other within the reach of its possessor. It seems to be 
established beyond a doubt, that in very many districts no money is more 
profitably invested, or yields a quicker return, than that which is ex~ 
pended in draining and subsoiling—and yet in reality one main obstacle 
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to a more rapid increase in the general produce of the British soil is the 
practical difficulty which exists in convincing the owners and occupiers 
of the soil that such is the case, or would be the case, in regard to their 
own holdings. The more widely a knowledge of the entire subject, in 
all its bearings, becomes diffused, the less it is to be hoped will this diffi- 
culty hecome—for the economist, who regards the question of improve- 
ment as amere matter of profit and loss, cannot strike a fair balance 
unless he knows the several items he may prudently introduce into each 
side of his account. 

Thus in reference to the special point now before us, it seems reason- 
able to believe that, ina country such as that here represented, where 
alternate hills of sand (3), and hollows, and flats of clay (4) occur, there 


may be many spots where both kinds of soil—being near each other— 
might be improved by muiual admixture, at a cost of labour which the 
alteration in the quality of the land might be well expected to repay. 
In this condition is a considerable portion of the eastern half of the 
county of Durham, and, especiaily, [ may mention the neighbourhood 
of Castle Eden, where a cold, stiff, at present often poor clay, rests upon 
red, rich-looking, loamy sand, in many places easily accessible, and by 
admixture with which its agricultural capabilities may be expected to 
improve. In this locality, and in many others besides, those having a 
pecuniary interest in the Jand rest satisfied that their fields are incapable 
of such improvement, or would give no adequate return for the outlay 
required, without troubling themselves to collect and compare all the 
facts from which a true solution of the question can alone be drawn. 

Besides such general admixtures for the improvement of land, the 
geological formation of certain districts places within the reach of its in- 
telligent farmers means of improvement of a special kind, of which they 
may often profitably availthemselves. Thus both in Europe and Ame- 
rica, the green-sand soils (p. 243) are found to be very fertrle, and 
the sandy portions of this formation are often within easy distance of the 
stiff clays of the gault, and of the poor soils of the chalk with either of 
which they might be mixed with most beneticial effects. The soils that 
rest on the new, and even on some parts of the old red sand-stone, are 
in like manner often within an available distance of beds of red marl of 
a very fertilizing character (p. 248), while in the granitic and trap 
districts the materials of which these rocks consist, if mixed with judg- 
ment, may be made materially to benefit some of the neighbouring soils. 
To this point, however, I shall draw your attention again in my next lec- 
ture, when treating of mineral manures. 


LECTURE XV. 


Improvement of the soil by chemical means.—Principles on which all manuring depends. 
—Mineral, vegetable, and animal manures.—Saline manures.—Carbonates.—Pearl-ash. 
—Sulphates.—Glauber salts.—Chlorides.--Common Salt.—Nitrates.—Nitrate of soda.— 
Phosphates.—Phosphate of lime.—Silicates. Silicate of potash.—Saline mixtures.— 
Vegetable ashes.—Prepared granite.—Use of lime. 


Te mechanical methods of improving the soil, described in the pre- 
ceding section, are few in number and simple in theory. They are so 
important, however, to the general fertility of the land, that were they 
judiciously employed over the entire surface of our islands, they would 
alone greatly increase the average produce of the British and Irish soils. 
I may, indeed, repeat what was stated in reference to draining (p. 308), 
that the full effect of every other means of improving the soil will be 
obtained in those districts only where these mechanical methods have 
already been had recourse to. iz 

‘The chemical methods of improving the soil are founded upon the 
following principles, already discussed and established :— 

1°. That plants obtain from a fertile soil a variable proportion of their 
organic food ;—of their nitrogen probably the greatest part. 

2°. That they require inorganic food also of various kinds, and that 
this they procure solely from the soil. 

3°. That different species of plants require a special supply of dif- 
ferent kinds of inorganic food, or of the same kinds, in different pro- 
portions. 

4°. That of these inorganic substances one soil may abound or be 
deficient in one, and another soil in another ; and that, therefore, this or 
that plant will prefer to grow on the one or the other accordingly. 

On these few principles the whole art of improving the soil by che- 
mical means—in other words, of beneficially manuring the soil—is 
founded. 

It must at the same time be borne in mind, that there are three dis- 
tinct methods of operation by which a soil may be improved :— 

1°. By removing from it some noxiousingredient. The only method 
by which this can be effected is by draining,—providing an outlet by 
which it may escape, or by which the rains of heaven, or water applied 
in artificial irrigation, may wash it away. 

2°. By changing the nature or state of combination of some noxious 
ingredient, which we cannot soon remove in this way ; or of some inert 
ingredient which, in its existing condition, is unfit to become food for 
plants. ‘hese are purely chemical processes, and we put them re- 
spectively in practice when we add lime to peaty soils, or to such as 
abound in sulphate of iron (p. 212), when by admitting the air 
into the subsoil we change the prot-oxide into the per-oxide of iron, 
(p- 210,) or when by adding certain known chemical compounds we 
produce similar beneficial chemical alterations upon other compounds 
already existing in the soil. 
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3°. By adding to the soil those substances which are fitted to become 
the food of plants. ‘This is what we do in strictly manuring the soil— 
though we are as yet unable in many cases to say whether that which 
we add promotes vegetation by actually feeding the plant and eatering 
into its substance—or only by preparing food for it. There is reason to 
believe, however, that many substances, such as potash, soda, &c., act 
in several capacities,—now preparing fuod for the plant in the soil, now 
bearing it into the living circulation, and now actually entering into the 
perfect substance of the growing vegetable. In order to steer clear of 
the difficulty which this circumstance throws in the way of an exact 
classification of the chemical substances applied to the soil, I shall con- 
sider generally under the name of manures, all those substances which are 
usually applied to the land for the purpose of promoting vegetable growth ; 
whether those substances be supposed to do so directly “by feeding the 
plants, or only indirectly, by preparing their food, or by conveying it into 
their circulation. 

Manures, then, in this sense, are either simple, like common salt and 
nitrate of soda, or they are mixed, like farm-yard manure and the nu- 
merous artificial manures now on sale. Or, again, they consist of sub- 
stances of mineral, of vegetable, or of animal origin. The latter is the 
more natural, and is by tar the most useful, classification. We shall, 
therefore, consider the various substances employed in improving the 
soil—or what is in subsiance the same thing, in promoting vegetation,— 
in the following order :— 

1°. Mineral manures—including those substances, whether simple or 
mixed, which are of mineral origin, or which consist entirely of inor- 
ganic or mineral matter. Under this head the use of lime and of the 
ashes of plants will fall to be considered. 

2°. Vegetable manures.—These are all of natural origin, and are all 
ner of organic and inorganic matter. 

. Animal manures, which are also mixtures, but, owing to their im- 
tints origin, ditler remarkably in constitution from vegetable sub- 
siances. 


§ 1. Of mineral manures. 


Mineral manures may be conveniently considered under the two heads 
of saline and earthy manures. 


A.— SALINE MANURES. 


Carbonate of potash.—T his substance, in the form either of crude 
potash or of the pearl-ash of the shops, has hitherto been considered too 
high in price to admit of its extensive application in the culture of the 
land. 

2°. Carbonate of soda.—This remark, however, does not apply to 
the carbonate of soda (common soda of the shops), which is sufficiently 
low in price (£11 a ton) to allow of its being applied with advantage 
under many circumstances. In the case of g grass- lands, which are over- 
run with moss—of such as abound largely in vegetable matter or in 
noxious sulphate of iron—a weak solution applied with a water-cart 
might be expected to produce good results. It might be applied in the 
same way to fields of sprouting corn, or in fine powder as a top-dressing 
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in moist weather—and generally wherever wood ashes are found useful 
to vegetation. 

Many experiments have shown that both of these substances may be 
employed in the field with advantage to the growing crop—but further 
trials are necessary to show how far the practical farmer may safely use 
them with the hope of profit. In gardening, they greatly hasten the 
growth and increase the produce of the strawberry,* and in garden cul- 
ture, generally, where the cost of the manure employed is of less con- 
sequence, more extended trials would, no doubt, lead to useful results. 

‘he quantity of these substances which ought to be applied to our 
fields, in order to produce the beneficial effect which theory and practice 
both lead us toexpect, will depend much upon the natureof the soil in 
each locality and on the kind of manuring to which it has previously 
been subjected. By referring to our previous calculations (page 222,) 
it will be seen that upwards of 800 lbs. of these carbonates+ would 
be necessary to replace all that is extracted from the soil by the entire 
crops during a four years’ rotation. But in good husbandry every thing 
is returned to the soil in the form of manure which is not actually 
sent to market aud sold for money. That is—the grain only of the corn 
crops, the dairy produce, and the live steck, are carried off the land.t 
Less than 40 lbs. per acre of the mixed carbonates would replace all that 
is contained in the grain, and if we suppose as much to be present in the 
other produce sold, we have 80 Ibs. for the quantity necessary to be re- 
stored to the land by the good husbandman every tour years, in order to 
keep his farm permanently in the same condition. There are, however, 
in most soils, certain natural sources of supply (pp. 207, 208) by which 
new portions of these alkalies are continually conveyed to them. Hence 
it is seldom necessary to add to the land as much of these substances as 
we carry off; and therefore from 40 to 60 lbs. per acre, of either of 
them, may be considered as about the largest quantity which, in a well- 
managed farm, need be added in order to give a fair trial to their agri- 
cultural value. Half aecwt. of the potash will cost less than 14s., and 
of the soda less than 6s., or of a mixture, in equal quantities, less than 
21s. at their present prices. 


Theory of the action of potash and soda. 


But upon what theoretical grounds is the beneficial action of potash 
and soda upon vegetation explained? This question, to which I have 
already more than once drawn your attention (pp. 83 and 187), i will 
be proper here briefly to consider. 

a. The first and most obvious purpose, served by the presence of these 
alkalies in the soil, is that of yielding readily to the growing plant such 
a full supply of each as may be essential to its healthy growth. If the 
roots can collect them from the soil slowly only, and with difficulty, the 
growth of the plant will necessarily be retarded; while in situauions 


* Mr Fleming. of Barochan, has informed me that he found this to be the case with the 
common potash; and Mr. Campbell, of Islay, with the common soda of the shops. They 
should be applied early inthe spring, and inthe stateofa very weak soluuon. Wa d- 
ashes would probably produce a similar effect, 

$ 390 lbs. of dry pearl ash and 440 Ibs. of crystallized ca:bonate of soda. 


t In dad husbandry much more is carried off the land by the waste of liquid and other 
manure.—See the succeeding chapter, “ On animal manures.”’ 
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where they naturally abound, or are artificially supplied, the crops will 
as certainly prove both more early and more abundant—provided no 
other essential food be deficient in the soil. 

In reference to this mode of action ic will occur to you that potash is 
the more likely of the two to be beneficial to our cultivated crops, inas- 
much asthe ash of those plants which are raised for food is generally 
much more rich in potash than in soda. [See the tabular details given in 
Lecture X., § 3., p. 216 et seq.] But this may possibly arise from the 
more abundant presence of potash in the soil generally, since some 
chemists are of opinion that soda may take the place of potash in ihe in- 
terior of plants, without materially affecting their growth, ([Berzelius 
Cuimie, VI., p. 733, edit. 1832.] This hypothesis, whatever may be 
its theoretical value, will prove useful to practical agriculture if itlead to 
experiments from which the relative action of each of these carbonates, 
in the same circumstances, may be deduced,—and the specific influ- 
ence of each, in promoting the growth of particular plants, in some de- 
gree determined. Potash (or wood-ashes) aids the growth of corn after 
turnips or potatoes (Lampadius)—would soda do the same! Carbon- 
ate of soda assists in a remarkable manner the growth of buck-wheat 
(Sprengel)—would the same good effects follow from the use of potash ? 

b. Another purpose which these carbonates are supposed to serve, is 
that of combining with, and rendering soluble, the vegetable matter of 
the soil, so as to bring it into a state in which it may be readily con- 
veyed into the roots of plants. They may in this case be said to pre- 
pare the food of plants.. That they are really capable of forming 
readily soluble compounds with the humic acid, and with certain other 
organic substances which exist in the soil, is certain. ‘Those, however, 
who maintain with Liebig that plants imbibe all their carbon in the 
form of carbonic acid, will not be willing to admit that this property of 
the above carbonates can either render them useful to vegetation, or ac- 
count for the beneficial action they have so often been observed to exer- 
cise. From this opinion we have already seen reason (pp. 63 and 64,) 
to dissent, and we are prepared, therefore, to concede that potash and 
soda, in the form of carbonates, may act beneficially upon vegetation— 
by preparing the organic matter of the soil for entering into the roots of 
plants, and thus administering to their growth. 

This preparation also may be effected either by their directly com- 
bining with the organic matter, as they are known to do with the humic 
and other acids which exist in the soil; or by their disposing this or- 
ganic matter, at the expense of the air and of moisture, to form new 
chemical compounds which shall be capable of entering into the vege- 
table circulation. This disposing influence of the alkalies, and even of 
lime, is familiar to chemists under many other circumstances. 

This mode of action of the carbonates of potash and soda can be ex 
ercised in its fullest extent only where vegetable matter abounds in the 
soil. It is stated by Sprengel [Lehre vom Diinger, p. 402,] accordirg- 
ly, as the result of experiment, that they are most useful where vegeta- 
bie matter is plentiful, and that they ought to be employed more spar- 
ingly, and with some degree of hesitation, where such organic matter is 
deficient. 

c. We have already seen, during our study of the composition of the 
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ash of plants (page 216 et seq.) how very important a substance silica is, 

especially to the grasses and the stems of our various corn-bearing plants, 

This silica exists very frequently in the soilin a state in which it is insol- 
uble in pure water, and yet is more or less readily taken up by water 
containing carbonate of potash or carbonate of soda; and as there is eve- 
ry reason to believe that nearly all the silica they contain is actually con- 
veyed into the circulation of plants by the agency of potash and soda, (in 
the state of silicates—see pp. 83 and 207 it is not unlikely that a portion 
of the beneficial action of these substances, especially upon the grass and 
corn crops, may be due to the quantity of silica they are the means of 
conveying into the interior of the growing plants. 

d. ‘Another mode in which these substances act, more obscurely, per- 
haps, though not less certainly, is by disposing the organic matters con- 
taine | in the sap of the plant to form such new combinations as may be 
required for the production of the several parts of the living vegetable. | 
have on a former occasion illustrated ( pp. 112-114,) to you the very Te- 
markable changes which starch may be made to undergo, without any 
essential alteration in its chemical composition—how gum and sugar 
may be successively produced from it, without either loss or gain in respect 
of its original elementary constitution. We have seen also how the 
preseace of a comparatively minute quantity of diastase (p. 118) or of 
sulphurie acid (p. 113) is capable of inducing such changes, first rendering 
the starch soluble, and then converting it into gum-and into sugar. Ana- 
logous, Wait somewhat different changes, are induced by the presence 
in certain solutions of smal] quantities of potash* or soda, as, for Sy og) 
in milk—the addition ofcarbonate of soda to which gradually causes (per- 
suades?) the whole of the sugar it contains to be converted into the acid of 
milk. Suchchanges also must be produced or facilitated by the presence 
of acid and of alkaline substances in the sap of plants; and though we 

can as yet ouly guess at the precise nature of these changes, yet r there 
seems good ground for believing that to facilitate their production is one of 
the many purposes served by the constant presence of inorganic substances 
in the sap of plants, indeed so important is this function considered by 
some writers upon the nourishment of plants, (see especially Hlubeck’s 
Ernéhrung der Pflanzen und Statik des Landbaues,) that they are inclined 
to ascribe to it, erroneously however, as I believe, the main influence upon 

vegetation, of nearly all the inorganic substances which are found inthe 
ash of plants, and therefore are known to enter into their circulation. 

e. [ only allude to one other way in which these substances may be sup- 
posed to have an influence upon vegetation. We have already seen (Lec. 
VILE, § 5, 6, 7, pp.159 to 167,) how important a part the nitric acid produ- 
ced in the atmosphere or in the soil may be supposed to perform in the gen- 
eral vegetation of the globe. This acid is observed to be more abundantly 
—either fixed or actually produced in the soils orcomposts which contain 
much potash or soda. It may be, therefore, that in adding either of these 
to our fields, we give to the soil the means of bringing ohn the reach 
of the roots of our crops a more ready supply of nitric acid, and hence 
of nitrogen, so necessary a part of their daily food. 

3°. Sulphates of Potash and Soda.—It is nearly 100 years since Dr. 


* It is also shown (p. 112,) that, by means of potash, woody fibre may be converted 
into starch. 
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Home, of Edinburgh, cbserved that these salts produced a beneficial 
effect upon vegetation. Applied to growing corn, they increased the 
produce by one-fourth. Other experiments, since made in Germany, 
have shown that they may be applied with manifest advantage both to 
field crops and to fruit trees (Sprengel), but the price has hitherto been 
considered too high to admit of their being economically used in ordinary 
husbandry. 

The manufacture of sulphate of soda in England, however, has of 
late years become so much extended, and the price in consequence so 
much reduced, that I was induced in the spring of the year 1841, (when 
the publication of these lectures wascommenced,) again to recommend 
it to the attention of the practical agriculturists of the ¢ country—as likely, 
either alone or mixed with other substances, to increase in many locali- 
ties not only the produce hut the profit also to be derived from the land. 
(See Appendix, also published at the end of this volume,—* Suggestions 
for Experiments in Practical Agriculture,” No. 1.) Many experiments 
were in consequence made in various parts of tbe country, the details of 
some of which are given in the Appendix. When applied at the rate of 
haifa ewt. of the dry salt (or one cwt. of erystals) per acre, it produced 
little effect upon the hay crop, the quantity being probably too small. 
Applied to hay and rye, at the rate of 84 lbs. of the dry salt, and to pota- - 
toes at the rate of 100 lbs., it gave per imperial acre, with 


Undressed. Dressed with Sulphate. Increase. 
Hay! ia 93° 3) Sen 64480; lbs. 5288 Ibs. 808 Ibs. 
Winter Rye grain, 640 Ibs. 896 Ibs. 256 Ibs. 
% straw, 4096 lbs. 4608 Ibs. 512 lbs. 
PBetataes® 2 fie. 165 tons. 18} tons. 1? tons. 


The grain of the dressed rye was much heavier than that of the other, 
and, though nitrate of soda and sal-ammoniac applied to other parts of 
the same field caused a larger increase in the crop of rye, yet the increase 
obtained by the use of the ‘sulphate was cheaper per bushel than that ob- 
tained by the use of either of the other substances. 

On beans and peas also the effect produced by it (Appendix, page 23,) 
was very striking—its action being exerted not upon the straw but upon 
the pods, increasing their number ‘and enlarging their size. 

The results of these experiments, therefore, are such as to encourage 
further trials. The quantity applied should not be less than one ewt. 
of the dry salt per acre, and it should be put on either in the state of a 
very weak solution with a water-cart, or sprinkled on the young crop 
when the ground is moist or when rain is soon expected. 

4°, Sulphate of Magnesia (Epsom Salts) was found by Dr. Home to 
promote vegetation almost in an equaldegree with the sulphates of potash 
and soda, but the usually high price of this compound, among other 

causes, has hitherto prevented it from being tried upon an extensive 
seale. The manufacture of this article also has of late years, however, 
been so much extended and simplified, that the refined salts for medi- 
cinal purposes may be purchased as low as 8s. a ewt. (at Messrs. Cook- 
son’s, Jarrow Alkali Works, near Newcastle,) and the impure salts of the 
Yorkshire and other alum works at a much lower rate. So much capi- 
tal indeed has now been embarked in the manufacture of the sulphates 
and carbonates of soda and magnesia (p. 192), and it is so desirable 
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on many accounts to discover new outlets for the products of these impor- 
tant manufacturies, that were there only theoretical reasons for believing 
them likely to benefit practical agriculture, it would be desirable to make 
trial of their effects upon the land. But their favorable influence has 
already been shown, and it remains, therefore, only to work out the de- 
tails by which their application to this or that soil or crop shall be so 
regulated as to yield a fair and constant profit to the farmer who em- 
ploys them. 

I have elsewhere (Appendix, p. 4,) recommended the application of 
sulphate of soda at the rate of 1 ewt. of the dry salt, or of 2 ewt. of erys- 
tals (cost 10s. or11s.) per acre. The Epsom salts are only sold in erys- 
tals, and 1£ ewt. (cost 12s.) in this form should be nearly equal in efi- 
eacy upon the land to 2 ewt. of crystallized sulphate of soda. In this 
proportion, therefore, it would be proper to apply it tothe young crops, 
especially of wheat, clover, peas, beans, and other leguminous plants. 

5°. Sulphate of Lime \ Gypsum) has been long and extensively applied 
to the land in various countries and to various crops. In Germany its influ- 
ence has been most generally beneficial upon grass and red clover, while 
in many parts of the United States it isapplied with advantage to almost 
every crop. In the former country and in England, it is usually dusted 
over the young plants in early spring; in America it is frequently sown 
with the seed, or, in the case of potatoes, put into the drills or holes 
along with the manure. The propriety of adopting the one rather than 
the other of these methods will depend upon the nature of the soi] and 
upon the climate. Gypsum requires much water to dissolve it, and in 
dry soils, climates or seasons, it might readily fail to influence the crop 
at all, if applied in the form of a top-dressing only. 

It would appear that the time and mode of its application has more 
influence upon its activity than we might suppose—siuce, according to 
Professor Kérte, when applied to clover at different periods in the spring, 
the produce of different parts of the same field was in the following 
proportions :— 

Mindressedsy 3) p)5 shy teeth Ghee Me his aU so: oe ow cel OOM ass 
Top-dressed on the 30th of March, . . . . « » 182 \bs. 
ie “ 13th of April, 6). fe) 6: «1 6 9140 Tbs. 
“6 s Pithiof Aprils ype Pysesey yuh ey ere dese 
The effect of a top dressing of gypsum seems therefore to be greatest 
when itis applied afier the leaves have been pretty well developed.+ 


Theory of the aclion of these sulphates. 


a. It does not seem difficult now to account for the general action of 
these several sulphates of potash, soda, magnesia, and lime. The ex- 
planation may be deduced partly from recent chemical analyses, and 
partly from agricultural experiments more lately made by practical men. 

It has been found, for example, that sulphur is a constant and appa- 
rently necessary constituent of the gluten and albumen of the several 
varieties of grain, and of the legumin, which forms the largest part 


t Miglinsche Jahrbucher, I, p. 85, quoted in Hlubek’s Pflanzennihrung. 

} Cau the result here mentioned have any connection with the fact observed by Peschier, 
that gypsum Jaid upou the leaves of plants is gradually, converted into carbonate, its sulphuric 
acid being absorbed ? ¥ 
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of the substance of the pea, the bean, the vetch, and of the seeds of 
ether leguminous plants. This sulphur they must obtain from the soil, 
and one cause of the efficacy of the above sulphates is unquestionably 
that they are fitted easily to yield to the growing plant the supply 
of sulpbur they necessarily require—while, if they are more efficacious 
upon the leguminous than upon other kinds of plants, it is because 
the latter produce a larger proportion of that kind of organic matter in 
which sulphur is constantly present. : 

That such is really the true explanation of their general action is 
proved by the observation—that sulphuric acid applied to the land in a 
very diluted state exerts an influence upon the crops precisely similar to 
that observed when gypsum or sulphate of soda is used. (See Appendix, 
Nos. |. and IT.) 

In reference to this mode of action it is of consequence to know the 
relative efficiency of the several salts. This will obviously depend upon 
the relative proportions of sulphur or sulphuric acid they contain—sup- 
posing the circumstances in which they are applied to be equally favour- 
able to the introduction of each into the circulation of the plant. Their 
relative value upon this view is as follows :— 

100 lbs. of burned gypsum are equal to, or contain as much sulphuric 
acid, as 

126 lbs. of common or unburned gypsum. 

128 lbs. of sulphate of potash. 

104 lbs. of sulphate of soda—dry. 

235 lbs. of sulphate of soda—crystallized. 

180 lbs, of sulphate of magnesia—crystallized. . 


And as of all these the gypsum is by far the cheapest, it should form, in 
reference to this general action of the above sulphates, in all cases, the 
most economical application to the land. 

b. But they have each also their special action dependent partly upon 
their physical properties, and partly on their chemical constitution. 

Thus it will be of litthe use mixing any of them with the soil, unless 
they become capable of entering into the roots of the plants which are 
growing upon it. ‘The facility with which this can be effected depends 
upon their solubility in water, which is very unlike. Thus an imperial 
gallon of pure water at the ordinary temperature will dissolve of 

Gypsum (burned,) . . . - «,+ - about $b. 
Gypsum (unburned,) . .°. . «© «. « «. Gib. 
Sulphate of Potash, She west tianee id wn, « Ack ty Wot 
Sulphate of Soda, dry, . . ». + « + « 18 Ibs. 
Sulphate of Soda, crystallized,. . . . . 33 Ibs. 
Sulphate of Magnesia, . . .. . « . 4 Ibs. 

In rainy weather, therefore, and in moist climates, it weuld still be 
most economical to apply the gypsum, since, though very sparingly 
soluble, water would be sufficiently abundant to dissolve as much as the 
plant might require. But in timesof only moderate rain, and especially 
in dry seasons, the use of the sulphates of soda and magnesia, which 
are also low in price, is recommended by the comparative ease with 
which they may be taken up by water and conveyed to the roots. 

c. Again, the chemical constitution of these sulphates—the nature of 
the substance with which the sulphuric acid is combined—determines in 


m : 
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a still greater degree the nature and extent of their special action. If 
the soil already abound in potash, in soda, in lime, or in magnesia, then 
the influenee of these compounds may depend entirely upon the sul- 
phuric acid they contain. But suppose the land to be deficient in lime, 

~then the gypsum we add will act not only in virtue of the sulphuric acid, 
but of the lime also which it contains, and thus its apparent effect will 
be much more striking than when the land is naturally calcareous, or 
has been previously dressed with lime. So if it be deficient in potash, 
the sulphate of potash will be more efficient than it could be expected to 
prove upon a soil in which sulphuric acid alone is wanting. And so 
also, if lime and potash abound, and soda or magnesia be deficient, the 
sulphates of these latter bases will exercise a special action upon the 
soil, by supplying it at the same time with sulphuric acid and with soda 
or magnesia also. Thus on land to which lime has been abundantly 
added, according to the ordinary practice of husbandry, the sulphate of 
soda has the best chance of proving useful to vegetation, not oniy because 
it is more soluble, and is, therefore, more independent of the seasons, 
but because it is capable of supplying two different substances—sulphuric 
acid and soda—neither of which are directly added in the ordinary 
manuring of the land, but both of which the plants may find difficulty 
in obtaining. 

d. Another consideration will indicate further special applications of 
these several sulphates, independent of the sulphuric acid which they 
in common contain. If we reter to the table (p. 220, } in which is exhibit- 
ed the constitution of the ash of the several clovers and grasses, we find 
the constituents of our sulphates to be present in 1U0 parts of the ash in 
the following pro portions :— 


Rye Grass- Req Clover. While Lucerne. Sainfoin. 


Hay. Clover. 
Gtashiete fte eee 8°81 19:95 31:05 15°40 20°57 
Doda ee tered vs 3°94 5°29 o°79 6-15 4°37 


Lime ne ee: 7°34 27:80 23°48 48°31 PANG 5) 
Magnesia . . . . 0-90 3°33 3°05 3:48 286 
Sulphuric Acid .. 3°53 4-47 3°53 4-04 3:41 
Of the two clovers the red contains more lime and much less potash, 
therefore the sulphate of lime is more likely to benefit the red clover, 
aud the sulphate of potash the white, which is consistent with the results 
of experiment. A similar difference exists between lucerne and sainfoin, 
to the former of which lime and soda are more necessary than the latter. 
The first column under rye grass shows, on the other hand, how very 
much smaller a proportion of all the four—potash, soda, lime, and mag- 
nesia—is required by this green crop than by the others; and therefore 
that the same weight of any one of these sulphates, which, when applied 
as a top dressing to one crop (rye grass), would cause it to thrive luxuri- 
antly, may be insufficient to supply the most necessary wants of another 
crop (clover or sainfoin.) Not only the kind of mineral manure, there- 
fore, which we mix with the soil, but the guwzntity also, must be deter- 
mined by the kind of crop we intend to raise. (For the theoretical opinions 
of other authors in regard to the action of gypsum, see Appendix, No. V1.) 
6°. Nitrates of Potash and Soda.—The efficacy of these two substan- 
ces as manures in certain circumstances is now generally acknowledged, 
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though the disappointinents which have ocasionally attended their use 
naturally cause the practical farmer to hesitate still, before he applies 
them iv any quantity to his land. As these salts, especially the nitrate 
of soda, are comparatively abundant in nature,—as they are really be- 
neficial in many cases, and can be employed with a protit,—as their use 
in practical agriculture has recently excited considerable interest—and 
as many experiments have in consequence been made with them upon 
various crops,—TI shall briefly direct your attention to the most impor- 
tant facts which have yet been established in regard to their action upon 
the growing plant. 

a. Apparent effects of the Nitrates.—The first visible effect of the ni- 
trates upon every crop is toimpart a dark green colour to the leaves and 
stems. 2°. They then hasten, increase, and not unfrequently prolong 
the growth of the plant. 3°. They generally cause an increase both in 
the weight of hay or straw, and of cora—though the colour and growth 
are occasionally affected without any sensible increase of the crop. 4°. 
The hay or grass produced is always more greedily eaten by the cattle 
than that which has not been dressed, even when the quantity is not 
affected ;—but the grain is usually of inferior quality, bringing a some- 
what less price in the market, and yielding a smaller produce of flour. 

Its principal action seems to be expended in promoting the growth— 
that is, increasing the production of woody fibre, either in the stem orthe 
ear, without so much affecting, except indirectly, the quantity of seed. 

Illustrations.—1°. Mr. Pusey observed that the increase of his wheat 
crop, ou the Oxford clay, where nitrate of soda was applied, arose from 
there being no underling straws with short ears as in the undressed, but 
all were of equal length and consequent fullness and ripeness. The 
nitrate had merely promoted the growth. (See Royal Agricultural Jour- 
nal, [1., p. 120.) 

2°.. “It affected the tops of the potatoes, but the produce of bulbs was 
less both by weight and measure” (Mr. Grey, of Dilston). ‘On peas, 
in a thio sandy soil, subsoil gravel, it had much effect on the colour and 
strength of the stems, and on the state of forwardness, but when ripe, 
though the straw was stronger, there was no difference in the crop of 
peas’ (Colonel Campbell, of Rozelle). ‘On land in high condition it 
did harm by forcing the straw at the expense of the ear” (Mr. Barclay). 
‘Tt appeared to act strongly, and there was a greater bulk of straw, but 
the increase of grain was only 50 lbs. per acre” (Sir Robert Throckmor- 
ton). In another experiment of Mr. Barclay’s the straw was very strong, 
and much of the wheat laid, but the undressed sold for 4s. a bushel more, 
and there was no profit. 

In all these cases the nitrate promoted chiefly the growth of the stem, 
or the production of woody fibre. The inferior quality of the grain and 
yield of flour was owing to this action. The grain was enveloped in a 
thicker covering of the woody matter which forms the skin or bran. 

3°. “The turnips after the nitrated wheat are decidedly better, the tops 
are still growing and luxuriant, while on the other part they are begin- 
ing to fall” (Hon. H. Wilson). They seem, therefore, in some cases, at 
least, to prolong the growth. 

From the above statements we seem to derive an explanation why the 
effects of the nitrate should have been so universally observed upon the 
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grasses and clovers—while in regard to its application to corn crops, 
they indicate this important— 

Pracricat Ruie.—Not to apply the nitrates upon land or under cir- 
cumstances where there is already a sufficient tendency to produce 
straw. 

b. Effects of the nitrates upon the auantiry of the crop.—Cases have 
occurred where the nitrates have failed to produce any apparent effect 
at all—others where the color was affected and the growth promoted 
without any ultimate increase of crop—and others again, where the ap- 
plication of these salts was decidedly injurious. These failures are de- 
serving of a close consideration, but let us first attend to the amount of 
benefit derived from their use where it has been attended with success. 


I—Errecr on Common anv CLover Hay. 


Produce per acre. 


hace, Undressed. | a eo eee paphed AS 
ag 2 tons. cwt,. | tons. cwt. 3 A % k 
Aske Hall, Earl of 212 13 4 §!ewt, on a thin light soil, subsoil 
Zetland... Re clay upon limestone. 
At Erskine, Lord (2 04 | 3 04 |1201bs., good light soil, subsoil gravel. | 
Blantye orci ia Bal alte 20 Do. clay soil on clay subsoil. 
” i(1 6 2 4% |1601bs., stiff clay, after wheat. 
pat) sie | 211 |-2193 Do. light clay loam, drained, after | 
fe oe )2 Se a balnbatlegs 
ie Mr. Grey! 210 | 318  /lewt., meadow hay, soil not stated. | 
pe Ray 2 44 | 3 14 /|150lbs, clover hay, soil not stated. | 


| ({ |lewt. nitrate of potash and 14 of ni- 
5 y trate of soda, had each the same ef- 


iw) 


Methven Castle, i 
| Mr. Bishop. .... 


i | 


On the other hand, Mr. Barclay says that, on his heavy clay lands 
(plastic clay), in Surrey, near the edge of the chalk, it is almost al- 
ways a failure; and the Messrs. Drewitt, of Guildford, that on their 
chalk soils, the additional produce of hay, whether on upland or mea- 
dow, does not repay the expense. 


| fect ona heavy damp loam, partially 
i drained. | 


Il—On Bartey. 


Produce. 


Locality. Undressed. | Dressed. Quantity per acre, and kind of soil. 


Grain.|Straw |Grain./St aw] 


bshle.| cwt. | bsh's.| cwt. ips nT er 

Surry, Mr.Barclay) 444) 164) 554) 2011 ewt., on light soil, with chalk subsoil. 

Newton Hall, Nor-| 
| 47 


thumberland, Mr.) | 26 | 59 | 36 |lewt., on strong turnip land. 
AICININES 4555 5A 


5 lewt., on a poor sandy soil, where 
Sue, Ee 18} — | 32 -} the turnips the preceding year were 
Wr cee ot eal nearly destroyed by the land blowing. | 
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In Berkshire, on the other hand, it failed (1839), for barley on the 
light lands, causing them in some cases to be burned up (Mr. Pusey), 
but the season was droughty. 


IIl.—On Winter Rye. 


Mr. Fleming, of Barochan, applied 160 lbs. per acre to rye, upon a 
strong clay, after potatoes, and obtained— 


Undressed. Dressed. 
Grain : F 14 bushels. 5 : 26 bushels, 
Straw P : lton 7icwt. . 3 2 tons, 194 cwt. 


IV.—Uron Oats. 


PRODUCE. 
Locality. Undressed. Dressed. {Quantity per acre 
—— —j and kind of soil. 
grain. | straw. || grain. |straw. 


| 


bush. | ewt. || bush. | bush. 


Bakewell Derbyshire, 


Mrs Greaves 08.) *. 45: | 253 64 382 |1 cwt.; heavy soil, 
clay subsoil. 
Court Farms, Hayes, 1 ewt.; Jand satu-, 


Mr. Newman. . . .| 46 31 602 | 461 | rated with water,| 
and out of condi- 
Leatherhead, Surrey, tion. 

Mr. Barclay. . . .| 40 61 60 90 {1 ewt.; aloam con- 
taining flints, ona 
subsoil of chalk. } 


Mr. Everett, in Norfolk, obtained an increase of 15 bushels per acre, 
by the use of 3 cwt. per acre; and Mr. Calvert, of Ockley Court, of 20 
bushels of grain, and 94 ewt. of straw, by applying 14 cwt. of nitrate 
of soda. At Kirkleatham (North Yorkshire), it had an excellent effect 
upon oats, on strong land—and on the strong clays of the Weald of Sur- 
rey and Sussex, it is said by Mr. Dewdney, of Dorking, to be universally 
beneficial, particularly when sown on ley ground— paying the grower 
27s. to 30s. per acre. ‘* When it has failed, the nitrate has been sown 
early, and when the land was in adry state. In these instances the 
crop was more or less blighted.’”” On the other hand, Mr. Barclay 
states that, on his strong heavy land (plastic clay), near the edge of the 
chalk, in Surrey, it gave no profit. 

In most cases, therefore, the nitrate of soda seems capable of pro- 
ducing a large increase in the oat crop—the few failures which are noted 
must be due either to the state of the weather or to some peculiarities in 
the physical condition or chemical constitution of the soils on which they 
were observed. 


15 
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V.—On Wueat. 


PRODUCE. j - 


Locality. Undressed.! Dressed.| Quantity per acre, and kind of soil. 


grain straw grain jstraw 


bushis} cwt bushle} cwt 
Farnham, Suffolk, | 


Mr. Muskett, . 183| — | 27 | — \1} ewt.; a poor spongy sandy soil. 
Painswick, Glou- ? | 333} — | 433) — |L ewt.; ‘a slone-brash soil abounding 
cester, Mr.Hyelt, § in carbonate of lime. 


Fairford Park, do. ?| 26 | 15 | 333) 213!1 ewt.; on a light stone-brash poor 
Mr, Raym. Barker thin soil. 

Mr.Dugdale,. . | 42 | 34 | 54 | 383)1 ewt. nitr. of soda, on a gravelly soil ; 
| an equal weight nitrate ‘of potash pro- 
duced only 4 bushel of increase (*). 
Do. 32 | — | 363; — /1 ewt. nit. of soda ona strong clay. 
Both portions previously limed. 
143 183) 20 | 253!1 ewe; ona very thin crop, inj’d by an 
| unfavorable autumn. Soil not stated. 
274; — |} 32 | — |L ewt.; on a fair light soil. 

30! — | 36 ; — |Do., loamy, better land. 

332| 20 | 393) 23 |1 cwt. ; ; soil loamy, resting on chalk, 


CourtF'arm, Hayes 
Mr. Newman, 

Brandon, Suffolk, ( 
Hon. Mr. Wilson, 
Surrey, Mr. Bar- 


clay, 31 | 243) 333) 272) straw strong,and much wheat laid. * 
Pusey, xe 213) 202) 26 | 251! ford clay. Butall these very different 
203) 202] 244! 24!) results were obluined in the same field. 
Ockley Court, Mr. OF a| 9~,|Do.; corn generally laid; soil not 
Calvert, . 33 |254| 458, 373) entioned. 
Newton ‘Hall, Mr. 


Jobling ; 
Cirencester, Dr. 
Daubeny, 


1 cwt.; soil not mentioned. 

1 cwt. nitrate of potash. 

Do. nitrate of soda, soil and subsoil 
clay, resting on the corn-brash. 

35 | 3134 47 | 52 /180 lbs. nitrate of soda. 

| 42 | 76 Do. nit. of potash. Soil not stated.+ 


DH he he 


Rozelle, near Ayr, 


Faringdon, Mr. om Q7 | 243) 391] 341!Do. on heavy soil, resting on the Ox- 
Col. Cal. Campbell, 7 


V1.—On Turnires. 


At Rozelle the Swedes were improved several tons an acre by the 
use of the nitrate of soda (Mr. Campbell). At Dorking it was very be- 
neficial as a top-dressing to the Swedes and white turnips, when sown 
broad-cast at the rate of 1} cwt. per acre (Mr. Dewdney). In neither 
of these cases is the soil described. On thin stony land upon chalk at 
Flmshurst, Bucks, turnips manured with nitrate alone, were very su- 
perior to those to which 10 loads an acre of farm-yard manure had been 
applied (Mr. Burgess). The only numerical results with which | am 
acquainted are those of Mr. Barclay on a loamy soil resting on chalk. 
His crop of turnips was 


* The dressed grain sold at 4s. less than the undressed, and there was no profit; the nitrate 
failed on heavy land, and on land in high condition. 


t The produce ef straw, especially from mre py is very surprising. It is stated at 519 


and 764 stones for the two lots respectively suppose the acres to be Scotch, and ths 
stones 14 Ibs. 
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304 ewt. when dressed with bones and wood ashes, each 15 bushels. 
31 ewt. when dressed with 1 ewt. of nitrate of soda, drilled in. 
35 cwt. when seed and nitrate were both broad-cast. 

38 ewt. when the seed was drilled and the nitrate broad-cast. 

On the other hand, Lord Zetland thought it did no good to turnips ; 
Mr. Vansittart, that on strong land well dunged it did harm; and the 
Messrs. Drewitt, that on their dry rubbly chalk it had no effect on this 
crop, though it improved in a remarkable degree the succeeding crop 
of barley. 

We are obviously in want of more numerous and better observations, 
especially in regard to turnips. The above discordancies will either 
vanish when we obtain a 2 larger collection of results, or they will find an 
explanation in the more accurate observations we may expect to obtain 
in regard to the climate, soil, and geological position of the locality in 
which each experiment is made. Those practical men who are really 
desirous of aiding the progress of scientific agriculture,—by which pro- 
gress not only the national welfare, but their own individual interests 
also are likely to be promoted,—will do more towards this end by one 
single experiment in which weights and measures are carefully deter- 
mined, and the soil, the climate, the geological position and the lie of 
the land, accurately described, than by any number of mere general 
statements, such as those I have here laid before you in regard to the 
effect of the nitrates upon tbe turnip crop. 

ce. Effect of the nitrates on the quaurry of the crop.—This I have 
already in some measure alluded to. Jt so affects the grass and clover 
as to make it more relished by the cattle. This is usually expressed 
by saying that the crop is sweeter, but since cattle are known to be fond 
of saline substances, it may be that the grasses are, by these salts, only 
rendered more savoury. It generally also gives a grain (of wheat) 
of an inferior quality—which has a thicker skin, and yields more bran. 
This may possibly arise from its having been generally allowed to ripen 
too long. [See Mr. John Hannam’s valuable experiments on the 
over-ripening of corn in the Quarterly Journal of Agriculture.| A 
question still undetermined is, whether the flour of nitrated corn is more 
nutritive than that obtained from corn which has been undressed. 

It is generally supposed that those samples of flour which contain the 
most gluten are also the most nutritive. But hitherto the only experi- 
ments which have been made with the view of determining the relative 
quantities of gluten in samples of grain from the same field, one por- 
tion of which had been nitrated, and the other not, are, one made by 
Mr. Daubeny, and one reported by Mr. Hyett, to the latter of which 
have already had occasion, for another purpose, to direct your attention. 
[See note, p. 167.] 

In these experiments the flour of the several wheats gave— 


In Dr. Daubeny’s In Mr. Hyett’s 
Experiment. Experiment. 


Nitrated. . . . . . . « 15 percent. of gluten 23] per cent. 
Unnitrated. . . . . . . 13 percent. of gluten 19 percent. 


——— 


Excess of gluten in the nitrated, 2 per cent. 4} per cent. 
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both of which results favour the supposition that one effect of the ni- 
trates upon the quality of the grain is to increase the proportion of gluten, 
and thus to render them, as is generally believed, more nutritive. This 
is a result which theoretically we might be led to anticipate, were there 
no large increase in the quantity of the produce—for then we might 
naturally expect the nitrogen of the nitric acid to be expended solely in 
enriching the grain with gluten. But the increase of crop contains in 
many cases more nitrogen than we add to the soil when we dress it with 
one cwt. of nitrate of soda per acre; there is, therefore, no excess of ni- 
trogen which we can suppose to go to such an enriching of the more 
abundant crop of grain. For this reason, among others, [ am inclined 
to doubt whether further careful examination will prove the flour from 
nitrated grain to be always richer in gluten, and, therefore, more nutri- 
tious. At all events increased experiments are to be wished for. 

d. After-effects of these nitrates—It is comparatively seldom that 
any good effects have been observed upon the crop which succeeds that 
to which the nitrate of soda has been applied. Where they have been 
noticed it has been chiefly in cases where from some cause (drought or 
dryness of soil chiefly) the salt bas been prevented from exerting its full 
and legitimate action upon its first application. Thus, 

1°, Failing to improve turnips on a rubbly chalk soil, it greatly be- 
nefitted the succeeding crop of barley (Mr. Drewitt, Guildford, Surrey). 

Producing little effect on tares (upon a clay soil?) it improved very 
much the turnip crop which followed (Mr.Barclay, Leatherhead.Surrey.) 

2°. In the following instances the benefit was seen on successive 
crops :— 

After producing an increase of one-sixth in the wheat crop, both 
grain and straw, on a light sandy soil (subsoil?), the turnips of the fol- 
lowing year were decidedly better where the nitrate had been sown (Hon. 
H. Wilson, Brandon, Suffolk.) 

After improving the crop of wheat, the after-crop of hay was also 
better (Mr. Grey, of Dilston.) 

At Upleatham, the second cut of clover was nearly as much im- 
proved as the first (Mr. Vansittart), and at Dilston the aftermath hay 
was greater in quantity, and better relished by the cattle (Mr. Grey). 

3°. A curious effect is noted by Mr. Rodwell, of Alderton, Wood- 
bridge—-the white clover failed after barley on which nitrate had been 
used ! \ 

The solubility of these nitrates is so great, that in our climate, in sea- 
sons of ordinary rain, and on lands having a moderate degrce of incli- 
nation, we should expect that they would be in a great measure washed 
out of the land in a single year. Hence one reason—even supposing 
little of the salt to have entered into the roots of the growing crop—why 
we are not entitled generally to expect any marked effect from it upon 
a second crop. But let the season be so dry, or the soil so retentive, 
and the land so level, as to prevent its being all taken up by the roots, 
or washed away by the rains during one year, and we may then look 
for after-effects, such as those above described. 

e. Circumstances necessary to ensure the success of these saline ma- 
nures.—This explanation will appear more satisfactory if we glance for 
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a moment at the general conditions which are necessary to ensure the 
success of these or any other saline manures. 

1°. They must contain one or more substances which are necessary 
to the growth of the plant. 

2°. The soil must be more or less deficient in these substances. 

3°. ‘he weather must prove so moist or the soil be so springy as to 
admit of their being dissolved, and conveyed to the roots. 

4°. They must not be applied in too large a quantity, or allowed to 
come in contact with the young shoots in too concentrated a forni—the 
water that reaches the roots or young leaves must never be too strongly 
impregnated with the salt, or if the weather be dry, the plant will be 
blighted or burned up. 

5°. The soil must be sufficiently light to permit the salt easily to 
penetrate to the roots, and yet not so open as to allow it to be readily 
washed away by the rains. {In reference to this point the nature of the 
subsoil is of much importance. <A retentive subsoil will prevent the 
total escape of that which readily passes through a sandy or gravelly 
soil, while an open subsoil again will retain nothing that has once made 
its way through the surface. 

f: Cases in which the nitrates have failed.—A knowledge of the 
above conditions will enable us in many cases to explain why the ni- 
trates, and other generally useful substances, have failed to exhibit any 
beneficial effect. 

1°. Thus on the light soils of Berkshire the nitrate of soda failed for 
barley, causing it often to be blighted or burned up. This, no doubt, 
arose from the drought which may act in one or other of several ways. 
Either it may prevent the salt from being dissolved at all, and thus hin- 
der its action altogether for the time,—-or it may retard the solution till 
the plant has attained such a state of maturity, that it is no longer ca- 
pable of being equally benefitted by the introduction of the salt into its 
roots—-or after being dissolved, and having partially descended into the 
soil, the drought may cause it to ascend again with the water which 
rises to the surface in consequence of the evaporation, and may thus 
present it to the plant in so concentrated a form as to injure the young 
shoots—or, finally, the action of the sun upon the green leaf, into which 
a portion of the salt has already been conveyed by the roots, may be so 
powerful as to concentrate the saline solution, or to increase its decom- 
position to such an extent as to cause injury, and consequent blight to 
the leaf itself. 

2°. Again, at Cheadale, in Cheshire, (Mr. Austin), the nitrate of soda 
is said to have had a good effect on wheat and grass where the subsoil 
was clay, but none where the subsoil was gravel, or the soil light and 
sandy. Here the supply of water in the soil may have been such as to 
fit it for entering readily into the roots in a proper state of dilution, when 
the retentive subsoil kept it within reach of the routs,—and yet sufficient, 
at the same time, to wash it away altogether where the soil and sub- 
soil were too open to be able to retard its passage. 

3°. But the occasional occurrence of droughts or the mere physical 
distinetions of lands as light or heavy, are not sufficient to account for all 
the recorded differences in the effect of the nitrates. ‘Thus on the clays 
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of the Weald in Sussex (Mr. Dewdney), and on the Oxford clay in 
Berkshire (Mr. Pusey), the use of the nitrate has been attended with 
general beuefit upon oats and wheat, while on the plastic clay in Sur- 
rey (Mr. Barclay), it has been uniformly unsuccessful. The cause of 
these differences is to be sought for, most probably, in the chemical con- 
stitution of the several clays, which are known to be very unlike. The 
Weald clay is a fresh-water formation, contains much fine grained 
siliceous matter (page 244), and is, therefore, comparatively per- 
vious to water. The Oxford clay soils in Berkshire abound in lime, 
and must, therefore, be in some degree pervious, while the plastie clay 
of Surrey, where they are stiffest, contain little lime and partake more 
of the inspervious characier of pipe clays. It may possibly be in such 
differences as these that we are to find an explanation of the discordant 
results of different experimenters, but much further observation is stil] 
wanting before we can speak with any degree of confidence upon the 
subject. 

‘To some an explanation may appear to be most easily given by sup- 
posing the one soil to have been rich in soda, while the other was de- 
fective in this substance. I shall advert to this point in explaining the 
theory of the action of the nitrates of potash and soda. 

g. Circumstances in which the employment of the nitrates is most bene- 
jicial.--1°. It appears to succeed most invariably in lands which are 
poor—or out of condition—or on which the corn is thin. Every farmer 
knows that the most critical time with his crop, as with his cattle, is 
during the earliest stage of its growth. If it come away quickly and 
strong during the first few weeks, his hopes are justly high, but if it 
droop and linger after it is above the ground, his fears are as justly ex- 
cited. It isin this latter condition of things that an addition of nitrate 
comes to the aid of the feeble plant, re-animating the pining shoots, and 
making the thin corn tiller. On rich lands and thickly growing erops it 
only causes an over-growth of already abundant straw. According toe 
the experiments of Mr. Barclay, it is most advantageous when sown 
broad-cast.* 

2°. Whatever may be the-chemieal nature of the surface soil, the 
success of the nitrate seems to be most sure where the land is not wholly 
destitute of water, where the soil is open enough to allow it readily to 
descend, and yet the subsoil sufficiently retentive to prevent it from 
being readily washed away. 

3°. I throw it out as a suggestion which has occurred to me from a 
comparison of the results contained in the above tables, with the kind 
of soils on which the experiments were made—that probably the pre- 
sence of lime in the soil may tend to insure the success of the nitrate. 
In many of the instances of large crops obtained by its aid the land was 
either naturally rich in lime, or it had, in the ordinary course of hus- 
bandry, been previously marled or limed. 

h. Theory of the action of the nttrates.—The nitrie acid of these salts 


” A valuable precept also is, to proceed cautiously in the use of these expensive sub- 
Stances—making small trials at first, and inereasing the quantities employed as success 
may warrant. By this mode of procedure, large losses, of which I have heard, would 
have been avoided. 
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contains 26 per cent. of its weight of nitrogen—or one ewt. of pure dry 
nitrate of soda contains about 19 lbs. of nitrogen. This nitrogen we 
know to be a necessary constituent of plants—oxe which they obtain 
almost wholly from the soil-——-but which nevertheless is generally pre- 
sent in the soil in small quantity only. We have already seen reason 
(Lec. VIII., p. 159,) to believe that nitric acid exists naturally in the 
soil, and is the form in which a large portion of their nitrogen is con- 
veyed into the roots of plants ;--when we add it to our fields, therefore, 
we only aid nature in supplying a compound by which vegetables are 
usually sustained. And asthe young plant will necessarily languish 
in the absence of one essential kind of food, although every other kind 
it may require be present in abundance, it is easy to see how the 
growth of a crop—-languidly proceeding upon a soil deficient in nitrogen 
--may be suddenly re-animated by an application of nitrate of soda to 
its roots. That this is the true way in which the nitrates generally act 
is supported by the observation that it isin the poorest soils that they 
are most useful to the husbaudman. 

We have already seen, also, that one function of the leaf in the pre- 
sence of the sun is to decompose carbonic acid, and give off its oxygen 
(Lec. V., sec. 5.) It exerts a similar action upon the nitric acid of the 
nitrates, and upon the sulphuric acid of the sulphates, discharging their 
oxygen into the air, and thus leaving the nitrogen and sulphur at liberty 
to unite with the other elementary substances contained in the sap—for 
the production of the several compounds of which the parts of the 
growing plant consist. 

Nor, as shown in a previous lecture, (VIII., sec. 8,) is the good effect 
of these nitrates upon the crop limited to the supply of that quantity of 
nitrogen only which they themselves contain. The excess of crop 
raised by their aid often contains very much more nitrogen than they 
have been the means of conveying to the roots, even supposing it all 
to have been absorbed and appropriated bythe plant. This arises from 
the circumstance that the more the plant is made to thrive, the more 
mumerous and extended become its roots also, and these roots are thus 
enabled to gather from the deeper and more distant soil those supplies 
of nitrogenous and other necessary food, which would have remained 
beyond their reach had the plant been allowed to remain in its pre- 
viously feeble or more languid condition. This has been called the 
stimulating effect of manures, and some substances have been said to 
act only in this way upon vegetation. This, however, appears to me to 
be a mistake. The supposed stimulating is always a secondary effect, 
and necessarily follows from the use of every kind of manure, which by 
feeding the plant gives it greater strength, and thus enables it to appro- 
priate other supplies of food which were previously beyond its reach, or 
which from the absence of one necessary constituent it could not render 
available to its natural growth. 

In this way the nitrates act as such—in contra-distinction to the sul- 
phates and other salts of potash and soda. But there is every reason to 
believe that the potash and soda themselves often aid the effect of the 
nitric acid with which they are associated. Jn soils deficient in these 
alkalies the nitrates would act beneficially, even though nitric acid 


‘ 
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were already present in abundance,—while, on the other hand, a field 
that is defective in both constituents of the salt (nitric acid and potash 
or soda), will be more grateful for the same addition of it than one in 
which either of them already.abounds. In this way, it is not unlikely 
that the discordant results of experiments, even on the same farm, and 
especially when the soils are different, may occasionally be explained. 

i. Specian effects of the nitrates of potash and soda.—On this alka- 
line constituent of the two nitrates will depend the special action of each 
when applied to the same soil under the same circumstances. It has 
not yet been clearly made out that any definite special action can be 
ascribed to them, yet some experiments bearing upon this point have 
already been published, to which it will be proper to advert. From 
the study of the special action of given manures upon given crops, 
practical agriculture has much good to expect. 

1°. At Rozelle, near Ayr (1840), nitrate of potash caused oats to 
come away darker and stronger, and give a heavy crop, while in the 
same field nitrate of soda produced no benefit. The soil was inferior, 
light, and sandy, with a red irony subsoil (Capt. Hamilton). It is add- 
ed that the crop was injured by the early drought, from which it never 
recovered. ‘This fact renders the special effeet of the nitrate of potash 
in this case doubtful. 

2°. In the experiments upon wheat, made by the same gentleman 
on the same farm,—it is to be presumed upon a similar ‘soil,— 

Nitrate of soda gave . . 46 bush. grain, and 52 ecwt. straw ; 
Nitrate of potash gave. . 42 bush. grain, and 76 cwt. straw; 
the produce of straw being here also greatly in favour of the potash salt. 
3°. Dr. Daubeny also, in the experiment upon wheat above detailed, 
found the nitrate of potash to increase the produce considerably, while 
the nitrate of soda caused no increase whatever. The soil was stiff clay 
upon the corn-brash. 

These superior effects of the potash salt may certainly be ascribed to 
the greater deficiency of the several soils in potash than in soda, a sup- 
position which in the case of the Rozelle experiment is consistent with 
the fact, that common salt, when tried upon the same land, produced 
no good effect. If however, as some suppose, (p. 328), potash and soda 
are capable of re-placing each other in the living vegetable without ma- 
terially affecting its growth, this explanation cannot be the true one. 
Further experiments, however, if carefully conducted, will not fail to 
clear up this question. 

4°, On a gravelly soil Mr. Dugdale obtained an increase of 12 bush- 
els of wheat by the use of nitrate of soda, while nitrate of potash in- 
creased the crop by only half a bushel. 

This result may be explained after the same manner as the preceding 
—the soil may have already abounded in potash. 

5°. In Perthshire, upon a moist loam, Mr. Bishop obtained an equal 
increase of hay from the use of both nitrates; each having caused the 
production of a double crop. 

The equality in this case may have risen from the effects being 
wholly due to the nitric acid, both potash and soda being already abun- 
dant in the soil. This is consistent with the situation of the locality in 
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a granite country, and is further supported by the fact, that on the same 
svil and field, ammoniacal liquor, which contains no alkali, produced a 
still larger increase of produce. 

You will understand, however, that all these attempted explanations 
proceed upon the supposition that the experiments have been both 
carefully made and faithfully recorded. 

7°. Chloride of Sodium or Common Salt.—The use of common salt 
as a maoure has been long recommended. In some districts it has been 
highly esteemed, and is still extensively and profitably applied to the 
land. It has, like many other substances, however, suffered in gene- 
ral estimation from the unqualified terms in which its merits have been 
occasionally extolled. About a century ago (1748), Brownrigg* main- 
tained that the whole kingdom might be enriched by the application of 
common salt to the soil, and since his time its use has been at intervals 
recommended in terms of almost equal praise. But these warm re- 
commendations have led sanguine men to make large trials, which 
have occasionally ended in disappointment, and hence the use of salt 
has repeatedly fallen into undeserved neglect. 

It is certain that common salt has in very many cases been advanta- 
geous to the growing crop. Some of the more carefully observed re- 


sults which have hitherto been published, are contained in the follow- 
inz table: 


Produce per acre. 
Locality. ——_———————-|Quantity applied per acre, and kind of suil. 
Unsalted. ) Salted. 
* UPON WHEAT. bushels. bashes! ail 
164 224 |11 bushels, after barley. 
113 21 (63 do., after beans. 
16 17; | Do. sown with the seed, Q after 
Mr. G. Sinelair.... — 931 Do. dug in with the seed, § peas. 
12 281 |52 do. Q appied before sowing, after 
—— % 11 do. turnips. 
Great Totham, Essex, ; : 
Mr. Cuth. Johnson. t 134 263 |5 bushels, light gravelly soil. 
ee oe af t 25 32 = |160 lbs., heavy loam, after potatoes. 
ON BARLEY. 
Suffolk, Mr. Ransom...| 30 5] 16 bushels. 
Mou aie Hall tons. owt teastewe ” 
t Aske Hall, near bus: ? F 
Pa ce EE t 2 10] 3. 12 \6 bushels, thin light soil, clay subsoil. 
At Erskine, near Ren- } 2 0} 2 12 |5 bushels, light soil on gravel. 
EW irs rahaters. ciel oysters 2 11/2 _ 8 |Do., clay soil on clay. 


But it is as certain that in many cases, when applied to the land, 
common salt has failed to produce any sensible improvement of the 
growing crop. And as failures are long remembered, and more gene- 
rally made known than successful experiments, the fact of their fre- 
quent occurrence has prevented the use of salt in many cases where it 
might have been the means of much good. 


* On witty of making common sall, p. 158 (London, 1748). 
15* 
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Cause of these failures.—It is not, indeed, to be wondered at, that 
amid conflicting statements as to its value, the practical farmer should 
have hesitated to incur the trouble and expense of applying it—so long 
as no principle was made known to him by which its application to this 
soil rather than to that, and in this rather than the other locality, was to 
be regulated. 

1°. We know that plants require for their sustenance and growth a 
certain supply of each of the constituents of common salt, which supply, 
in general, they must obtain from the soil. If the soil in any field 
contain naturally a sufficient quantity of common salt—or of chlorine 
and soda, in any other state of combination—it will be unnecessary to 
add this substance, or, if added, it will produce no beneficial effect. Tf, 
on the other hand, the soil contain little, and has no natural source of 
supply, the addition of salt may cause a considerable increase in the erep. 

Now there are certain localities in which we can say beforehand that 
common salt is likely to be abundant in the soil. Such are the lands 
that he along the sea coast, or which are exposed to the action of pre- 
vailing sea winds. Over such districts the spray of the sea is constantly 
borne by the winds and strewed upon the land, or is lifted high in the 
air, from which it descends afterwards in the rains.* This considera- 
tion, therefore, affords us the important practical rule in regard to the 
application of common salt—that it is most likely to be beneficial in 
spols which are remote from the sea or are sheltered from the prevailing 
sea winds. 

It is an interesting confirmation of this practical rule, that nearly all 
the successful experiments above detailed were made in localities more 
or less remote from the sea, while most of the failures on record were 
experienced near the coast. This consideration, it may be hoped, will 
induce many practical men to proceed with more confidence in making 
trial of its effects on inland situations. It is very desirable that the 
value of this practical rule, which I suggested to you in a former lec- 
ture (see p. 190), should be put to a rigorous test. 

2°. But some plants are more likely to be benefitted by the applica- 
tion of common salt than others. This may be inferred from the faet 
that certain species are known to flourish by the sea-shore, and where 
they grow inland to select such soils only as are naturally impregnated 
with much saline matter. Observations are still wanting toshow which 
of our cultivated crops is most favoured by common salt. It is known, 
however, that the gas of salt marshes is peculiarly nourishing, and is 
much relished by cattle, and that the grass lands along various parts of 
our coast produce a herbage which possesses similar properties. It is 
also said that the long tussack grass which coversthe Falkland Islands, 

* Dr. Madden has calculated that the qnantity of rain which falls at Penicuick in a year, 
brings down upon each acre of land in that neighborhood more than 600 Ibs. weight of com- 
mon salt. This would be an enormous dressing were it all to remain upon the land. 
Heavy rains, however, probably carry off more from the soil than they impartto it. It is 
the gentle showers that most enrich the fields with the saline and other matters they con- 
tain, ; 

t A number of failures are described in the sixth volume ofthe ‘ Transactions of the 
Highland and Agricultural Society.” Dr. Madden has recently shown that to nearly all 
these cases the above principle applies—the farms on which they were tried being more or 


less freely exposed to the winds fromthe east or west sea.— Quarterly Journal of Agri- 
culture, Sept. 1842, p. 574. 


WHEN APPLIED AS A MANURE. _ 347 


luxuriates most when it is within the immediate reach of the driving 
spray of the southern sea. It may well be, therefore, that among our 
cultivated crops one may delight more in commion salt than another,— 
and if we consider how much alkaline matter is contained in the tops 
and bulbs of the turnip and the potatoe, we are almost justified in con- 
cluding that generally common salt will benefit green crops more than 
crops of corn, and that it will promote more the developement of the 
leaf and stem than the filling of the ear. 

If this be so, we can readily understand how a soil may already con- 
tain abundance of salt to supply with ease the wants of one crop, and 
yet too little to meet readily the demands of another crop. The appli- 
cation of salt to such a soil will prove a failure or otherwise, according 
to the kind of crop we wish to raise. 

3°. Failures have sometimes been experienced also on repeating the 
application of salt to fields on which its first effects were very favour- 
able. In such cases it may be presumed that the land has been already 
supplied with salt, sufficient perhaps for many years’ consumption,— 
and that it now requires the application of some other substance. 

If it be desired, experimentally, to ascertain whether the land already 
contains a sufficient supply of common salt, the readiest method is to 
collect half a pound of the soil in dry weather, to wash it well with a 
pint or two of cold distilled water, and then to filter through paper, or 
carefully to pour off the clear liquid after the whole of the soil has been 
allowed to subside. A solution of nitrate of silver (common lunar-caus- 
tic of the shops) will throw down a white precipitate, hecoming purple 
in the sun, which will be more or less copious according tothe quantity 
of salt in the soil. If this precipitate be collected, dried in an oven, 
and weighed, every 10 grains will indicate very nearly the presence of 
4 grains of common salt. The quantity of this precipitate to be expect- 
ed, even from a soil rich in common salt, is, however, very small. If 
half a pound of the dry soil yield a single grain of salt, an acre should 
contain about 1000 Ibs. of salt where the soil is 12 inches deep—where 
it has depth of only 6 inches, it will contain nearly 500 Ibs. in every 
acre. 

8°. Chlorides of Calcium and Magnesium.—These compounds are 
rejected in large quantities as a refuse in some of our chemical manu- 
factories—and they are contained, especially the latter, in considerable 
abundance in the refuse liquor of our salt pans. They have both been 
shown to be useful to vegetation (see Appendix), and where they are 
easily to be obtained, they are deserving of further trials. Like com- 
inon salt, it is generally in inland situations that they are fitted to be 
the most useful. Where salt springs are found in the interior of Ger- 
many, the refuse obtained by boiling down the mother liquors after the 
separation of the salt has been often applied with advantage to the land. 

Theory of the action of these chlorides—Common salt and the chlo- 
rides of calcium are not unfrequently found in the sap of plants—they 
may be supposed, therefore, to enter into the roots without necessarily 
undergoing any previous decomposition. But we have already seen 
(Lec. V., § 5), that the green leaves under the influence of the sun, 
have the power of decomposing common salt—and no doubt the other 
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chlorides also—and of giving off their chlorine into the surrounding air. 
When they have been introduced into the sap therefore, by the roots, the 
plant first appropriates so much of the chjorine they contain as is neces- 
sary for the supply of its natural wants, and evolves the rest. When 
common salt is thus decomposed, soda remains behind in the sap, and 
this is either worked up into the substance of the plant, or performs one 
or other of those indirect functions 1 have already explained to you 
(p. 328) when illustrating the probable action of potash and soda upon 
the vegetable economy. When the other chlorides (of calcium or mag- 
nesium) are decomposed, lime or magnesia remains in the sap, and is 
in. like manner either used up directly in the formation of the young 
stem and seed, or is employed indirectly in promoting the chemical 
changes that are continually going on in the sap. The living plant, 
when in a healthy state, is probably endowed with the power of admit- 
ting into its circulation, and of then decomposing and retaining, so much 
only of these several chlorides, or of their constituents, as is fitted to 
enable its several organs to perfurm their functions in the most perfect 
manner. 

In the soil itself, in the presence of organic matter of animal and 
vegetable origin, common salt is fitted to promote certain chemical 
changes, such as the production of alkaline nitrates—and probably sili- 
cates—by which the growth of various kinds of plants is in a greater 
or less degree increased. In the soil, also, from the tendency to deli- 
quesce, or run into a liquid, all these chlorides attract water from the 
air, and thus help to keep the soil in a moister state. When applied in 
sufficient quantity they destroy both animal and vegetable life, and 
have, in consequence, been often used with advantage for the extirpa- 
tion of weeds, and for the destruction of grubs and other vermin that 
infest the land. i 

9°. Phosphate of Lime and Earth of Bones.—The cattle that graze 
in our fields derive, as you know, all the earthy materials of which cer- 
tain parts of their bodies consist from the vegetables on which they feed. 
These vegetables again must derive them from the soil. Thus the 
earth of bones, or the phosphoric acid and lime of which it consists 
(p- 196), must exist in the soil on which nutritive plants grow, and it 
must occasionally occur that a soi] will be deficient in these substances, 
and will, therefore, supply them with difficulty to the crops it rears. 
The benefit which in this country is so often experienced from the use 
of bones as a manure, has been ascribed, in part, to the supply of bone- 
earth, with which it enriches the land. (See Appendix, No. I.) It 
is not, however, to be inferred from this, that wherever bones are use- 
ful, the application of bone-earth alone—in the form of burned bones, 
or of the native phosphate of lime, (p. 199,) will necessarily prove 
advantageous also. Burned bones were formerly employed in Eng- 
land, but the practice has gradually fallen into gisuse, and the same is, 
I believe, the case in Germany. This is no proof, however, that the 
native phosphate of Estremadura—already, it is said, imported into 
Ireland for agricultural purposes,—would not benefit many soils if ap- 
plied in the state of a sufficiently fine powder. Until carefully con- 
ducted experiments, however, shall have been made, and the numerical 
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results precisely ascertained, it would be improper to incur much risk 
either in bringing this substance to our shores or in applying it to our 
fields. 

10°. Silicates of Potash and Soda.—These compounds, which have 
been already described (p. 206), are supposed to act an important 
part in the growth of the grasses, and of the corn- bearing plants, by 
supplying, in a soluble state to ihe roots, the silica which is so necessary 
to the strength of their stems. This supposition has been strengthened 
by the results of some experiments made by Lampadius, who found a 
solution of silicate of potash to produce remarkable effects upon Indian 
corn and upon rye. (Lehre von den nineralischen Dungmitteln, p. 25, 
1833.) It is possible to manufacture them at a cheap rate, and it would 
be desirable to ascertain by further trials how far the employment of 
these compounds, as artificial manures, can be safely recommended or 
adopted with the hope of remuneration.* 

11°. Salts of Ammonia.—There is reason tobelieve that ammonia in 
every state of combination is fitted, in a greater or less degree, to pro- 
mote the growth of cultivated plants. None of its compounds, how- 
ever, are known to occur any where in nature in such quantity as to be 
directly available in practical agriculture, and only a very few can be 
produced by art at so low a price as to admit of their being used with 
prof. 

a. Sulphate of Ammonia.—An impure sulphate is manufactured by 
adding sulphuric acid to fermented urine, or to the ammoniacal liquor 
of the gas works, and evaporating to dryness. When prepared from 
urine, it contains a mixture of those phosphates which exist in urine, 
and which ought to render it more valuable as a manure. The gas 
liquor yields a sulphate which is blackened by coal tar—a_ substance 
which, while not injurious to vegetation, is said to be noxious to the 
insects that infest our corn fields. In any of these economical forms this 
salt has been found to promote vegetation; but accurate experiments 
are yet wanting to show in what way it acts—whether in promoting the 
growth of the green parts or in filling the ear, or in both—to what kind 
of crops it may be applied with the greatest advantage—and what 
amount of increase may be expected from the application of a given 
weight of the salt. It is from the rigorous determination of such points 
that the practical farmer will be able to deduce the soundest practical 
precepts, and at the same time to assist most in the advancement of 
theoretical agriculture. 

The er ystallized sulphate of ammonia is eotiabtet in its own weight of 
water. 100 Ibs. contain about 35 Ibs. of ammonia, 53 Ibs. of acid, and 
12 lbs. of water. It may be applied at the rate of from 30 lbs. to 60 Ibs. 
per acre. 

6. Sal-Ammoniac or Muriate of Ammonia.—This salt, in the pure 
state in which it is sold in the shops, is too high in price to be economi- 
cally employed by the practical farmer. An impure salt might, how- 
ever, be prepared from the gas liquor, whichcould be sold ata sufficiently 


*" Thave been informed by Dr. Playfair that a number of experiments with a soluble 
silicate of soda, manufactured at Manchester, have this summer (1842) been made at his 
suggestion, the results of which will, no doubt, prove very interesting, 
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cheap rate to admitof an extensive application to the land.* The only 
numerical results from the use of this salt with which I am acquainted, 
are those given by Mr. Fleming, who applied it at the rate of 20 Ibs. 
per acre to wheat on a heavy loam, and to winter rye, on a tilly clay, 
both after potatoes, and obtained the following increase of produce per 
acre :— 


Grain. Straw. 
Rye, undressed . 14 _ bushels 364 cwt. 
Do. dressed .°. 19 do. 435 do. 
Increase. . - 5 bushels. 7” cw 


Wueat, undressed 25 _ bushels, each 61 Ibs. 
Do. dressed . 264 bushels, each 62 Ibs. 


Imerease™; "3": 14 bushels. 


The increase of these experiments was uot very large, but the quan- 
tity of sal-ammoniac employed was probably not great enough to pro- 
duce a decided effect. It is a valuable fact forthe farmer, however, and 
not uninteresting in a theoretical point of view, that a part of the same 
wheat field, dressed with 14 ewt. of common salt per acre, gave a pro- 
duce of 40 bushels of grain (see Appendix, p. 19.) 

ce. Carbonate of Ammonia—is obtained in an impure form by the dis- 
tillation of horns, hoofs. an! even bones. In this impure forma it is not 
generally brought into the market, but in this state it might possibly be 
afforded at so low a price as to place it within the reach of the practical 
farmer. It is supposed by some that this carbonate is too volatile—or 
rises too readily in the form of vapour—to be economically applied to 
the land. In the form of a weak solution, however, put on by a water 
cart, or in moist showery weather simply as a top-dressing, especially 
to grass lands and on light soils, it may be safely recommended where 
it can be cheaply procured. 

d. Ammoniacal Liquor.—This is proved by the success which has in 
many localities been found to attend the application of the ammoniacal 
liquor of the gas works. This liquid holds in solution a variable quan- 
tity of sulphate of ammonia and sal-ammoniac,} but in general it is 
richest in the carbonate of ammonia. 

The strength of the liquor varies in different gas works; chiefly ac- 
cording to the kind of coal employed for the manufacture of the gas. 
One hundred gallons may contain from 20 lbs. to 40 lbs. of ammonia, 
in one or other of the above states of combination. No precise rule, 
therefore, can be given for the quantity which ought to be applied to the 
acre of land, but as the application of a larger quantity can do no harm, 
provided it be sufficiently diluted with water, one hundred gallons may 
be safely put on at first, and more if experience should afterwards prove 
it to be useful. 

On grass and clover, upon a heavy moist loam, Mr. Bishop applied 


* By mixing, for example, the waste mnriatic acid, or the waste chloride of calcium, 
with gas liquor, and evaporating the mixture to dryness. 


+ Each gallon of the ainmoniacal liquor of the Manchester gas-works is said to contain 
2 ounces of Sal Ammoniac. In these works the Cannel coal of Wigan is employed. 
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105 gallons an acre, diluted with 500 gallons of water, and obtained, of 
hay, from the ‘i ; 
Undressed ... 4 1b. per square yard, or 204 cwt. per acre. 


Dressed .... 13 Ib. do. or 614 cwt. do. 
Increase... 1 Ib. do. or 41 ecwt.* do. 


The increase herh is so very great that further trials with this liquor— 
hitherto, in most country towns at least, allowed to run to waste—can- 
not be too strongly recommended. On the dressed part, according to 
Mr. Bishop, the Timothy grass was particularly luxuriant. 

These experiments with the gas liquor show, as I have said, that im- 
pure carbonate of ammonia may be safely applied to the land without 
any previous preparation. If it is wished, however, to fix it or to ren- 
der it less volatile—which in warm and dry seasons may sometimes be 
desirable—this may be effected by mixing it with powdered gypsum, in 
the proportion of 1 lb. to each gallon of the ammoniacal liquor, or by 
adding directly sulphuric acid, or the waste of muriatic acid of the al- 
kali works.t+ 

e. Nitrate of Ammonia.—lIf it be correct that those substances act 
most powerfully as manures which are capable of yielding the largest 
quantity of nitrogen to plants, the nitrate of ammonia ought to promote 
vegetation in a greater degree than almost any other saline substance we 
could employ. According to the experiments of Sir H. Davy, (Davy’s 
Agricultural Chemistry, Lecture VII.) however, this does not appear 
to be the case, though Sprengel has found it more efficacious than the 
nitrates either of potash or of soda. This question as to the relative 
aciion of the nitrate of ammonia is very interesting theoretically, but it 
directly concerns practical agriculture very little, since the high price 
of this salt is likely to prevent its being ever employed in the ordinary 
operations of husbandry. 

J. Special action of the different Salts of Ammonia.—The theory of 
the action of ammonia itself upon vegetation I have in a former lecture 
(p. 164) endeavoured to explain to you. But the special action of the 
several saline compounds of ammonia above described will depend upon 
the qualities of the acid with which it may be in combination. 

The sulphate will partake of the action of the sulphates of potash, 
soda, or lime (gypsum),—in so far as it may be expected to exhibit a 
more marked effect upon the leguminous than upon the corn crops, and 
upon the produce of grain than on the growth of the leaves and the 
stem. This special action may be anticipated from the sulphuric acid 
it contains. And if this reasoning from analogy be correct, we should 
expect the sulphate of ammonia to rank among the most useful of ma- 
nures—since the one constituent (ammonia) will promote the general 
growth of the plant, while the other will expend its influence more in 
the filling of the ear. 

The nitrate again has been found to act more upon the crops of corn 
than upon the leguminous plants and clovers (Sprengel)—a result which 


* Prize Essays of the Highland Society, xiv., p. 359. 
+ 100 gallons thus saturated with acid will convey to the soil about 100 Ibs. of sulphate of 
ammonia or of sal-ammoniac. 
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is to be explained by the absence of sulphuric acid, which appears to 
aid especially in the development of the latter class of plants. 

On this subject. however, experiments are too limited in number, in 
general too inaccurately made, and our information in consequence too 
scanty, to enable us as yet to arrive at satisfactory conclusions. 

12°. Mixed Saline Manures.—The principle already so frequently 
illustrated, that plants require for their rapid and perfect development 
a sufficient supply of a considerable number of different inorganic sub- 
stances, will naturally suggest to you that in our endeavours to render 
a soil productive, or to increase its fertility, we are more likely to suc- 
ceed if we add to it a mixture of several of those substances, than if we 
dress it or mix it up with one of them only. This theoretical conclu- 
sion is confirmed by universal experience. 

Nearly all the natural manures, whether animal or vegetable, which 
are applied to the land, contain a mixture of saline substances, each of 
which exercises its special effect upon the after-crop—so that the final 
increase of produce obtained by the aid of these manures, must be as- 
cribed not to the single action of one of their constituents, but to the 
joint action of all. An important practical problem, therefore, pro- 
pounded by scientific agriculture in its present state, is—what mixtures 
of saline substances are most likely to be generally useful, what others 
specially useful, to this or to that crop? The complete solution of this 
problem will require the joint aid of chemical theory and of agricultu- 
ral experiment,—of experiments often varied and probably long con- 
tinued. But that we may finally expect to solve it, will appear from 
what has already been accurately observed in regard to the effect of 
certain artificial mixtures upon some of our cultivated crops. Thus— 

a. Mixture of Nitrate with Sulphate of Soda.—If, instead of dressing 
young potatoes with nitrate or with sulphate of soda alone (page 331), 
we employ a mixture of the two, the growth of the plant is much more 
promoted and the crop of potatoes much more largely increased. Thus 
Mr. Fleming (in 1841) applied to his potatoe crop a mixture of equal 
weights of nitrate and of dry sulphate of soda, in the proportion of 200 
lbs. of the mixture to the imperial acre, with the following remarkable 
result :— 

Undressed, . . . 66 bolls, each 5 cwt., per acre. — 
Dressed, . . . . 107 bolls. 
Increase, . . . 41 bolls,* or 10 tons per acre ! 

The stems also were six and seven feet high. The addition of nitrate 
of soda to a portion of the same field gave a produce of only 80 bolls. 
Similar effects, of which, however, I have not yet obtained the numeri- 
cal results, have been observed on the same crop in various localities 
during the present season (1842). 

The effect of this one artificial mixture holds out the promise of 
much good hereafter to be obtained by the judicious trial of other mix- 
tures—probably of a greater number of substances—upon all the c rops 
we are in the habit of raising for food. 

b. Wood ashes.—This opinion is strengthened by the effects which 


* Bee appendix, p. 20. 4 
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have almost universally been found to follow the use of wood ashes and 
of the ash of other vegetables in the cultivation of the land. 
The quality of the ash left by plants when burned varies, as we have 
_ already had oecasion to remark (p. 216), with a variety of circum- 
stances. It always consists, however, of a mixture in variable propor- 
tions of carbonates, silicates, sulphates, and phosphates of potash, soda, 
lime, and magnesia, with certain other substances present in smaller 
quantity, yet more or less necessary, it may be presumed, to vegetable 
growth. Thus, according to Sprengel, the ash ot the red beech, the oak 
and the Scotch fir ( pinus sylvestris), consists of 


. Red Beech. Oak. ae ome 
Silica 9 Me. <n bee | ogo 6°59 : 
tanned 2 tee 3 ue booe 
Oxideof iron fey. 3) 3-77 8:14 17:03 11°10 
Oxide of Manganese . 3.85 — — 2°75 
Lime. SP upte ee ROS 1738 23-18 13-60 
AWAD MEST a eR es pO UO 1:44 5-02 4:35 
GSD ene) vot ca hme orl 16:20 2:20 14°10 
Sodaer ttt eh RAsine ny Mego 6°73 222 20°75 
Sulphuric Acid . . . 7:64 3°36 2:23 3°45 
Phosphoric Acid. . . 562 1:92 2°75 0:90 
Chlorine . iit.ca)9gedcO4 241 2:30 


Carbonic Acid .. . . 1400 1547 3648 17-50 


ee 


100 100 100 96:0 


The composition of these different kinds of ash is very unlike—that 
of the pitch pine, for example, being greatly richer in potash and soda, 
and poorer in lime and phosphoric acid, than that of the Scotch fir— 
while the beech is richer than any of the others in potash and lime and 
in the sulphuric and phosphoric acids. The several effects of different 
kinds of wood ashes when applied to the land will therefore be different 
also. 

In England, wood ashes are largely employed in many districts, 
mixed with bone dust, as a manure for turnips, and often with great 
success. As much as 15 bushels (74 cwt.) of ashes are drilled in per 
acre with 15 bushels (6 ewt.) of bones. The large quantity of alkali 
present in the turnip crop (p. 219) may be supposed to explain the 
good effects which wood ashes bave upon it, and may lead us to expect 
that they would in a similar degree increase the produce of the carrot 
and of the potatoe.* 4 

The immediate benefit of wood ash is said to be most perceptible upon 
leguminous plants (Sprengel), such as lucerne, clover, peas, beans, and 
vetches. Asa top-dressing to grass lands it roots out the moss and pro- 
motes the growth of white clover. Upon red clover its effects will be 
more certain if previously mixed with one fourth of its weight of gyp- 
sum. In small doses of two or three hundred weight (4 to 6 bushels) 
it may be safely applied even to poor and thin soils, but in large and 
repeated doses its effects will be too exhausting, unless the soil be either 


* This inference has been verified by Mr. Wharton, of Dryburn, who has obtained an 
excellent crop of potatoes from newly ploughed-out land by manuring with wood ashes 
only. 


354 SPONTANEOUS COMBUSTION OF WOOD ASHES. 


naturally rich in vegetable matter, or be mixed from year to year witha 
sufficient quantity of animal or vegetable manure. 

In so far as the immediate effect of wood ashes is dependent upon the 
soluble saline matter they contain, their effect may be imitated by q 
mixture of crude potash with carbonate and sulphate of soda, and a lit- 
tle common salt. The wood ash of this country contains only about 
one-fifteenth of its weight of soluble matter (Bishop Watson), so that 
the following quantity of such a mixture would be nearly equal in effi- 

cacy to the saline matter of one ton of wood ash. 
Crude of Potash . : , : : 60 lbs. at a cost of 15s. 
Crsytallized Carbonate of Soda_. é OO ae ab xls 
Sulphate of Soda . : 2 : ; 20 ‘e iin Elis 
Common Salt 3 : : : : 20 * ; 


160 24s. 

Where the wood ash costs only a shilling a bushel (or £2 a ton), it 
would obviously be more economical to employ this mixture, were the 
efficacy of wood ashes dependent solely upon the soluble saline matter 
they are capable of yielding on the first washing with water. But they 
contain also a greater or less quantity of imperfectly burned carbonace- 
ous matter, the effect of which upon vegetation cannot be precisely 
estimated, and a large proportion—nine-tenths, perhaps, of their whole 
weight—of insoluble carbonates, silicates, and phosphates of potash, 
lime, and magnesia, which are known more permanently to influence 
the fertility of the land to which they are applied.* 

c. Washed or lixiviated wood-ashes.—In countries where wood ashes 
are washed for the manufacture of the pot and pearl ash of commerce 


* Some discussion has lately arisen in America (Sil/iman’s Journal, xiii. p. 165, and 
xliii. p. 80), in regard to the fact, in itself sufficiently interesting, that wood ashes, when 
thrown together in heaps, not unfrequently take fire, becoming red hot throughout their 
whole mass, and sometimes occasioning serious accidents. Such ashes always contain a 
quantity of minutely divided carbonaceous matter, which, like the impalpable charcoal 
powder of the gunpowder manufactories, may have the property of absorbing much air 
into its pores, and of thus undergoing a spontaneous elevation of temperature. I throw it 
out, however, asa more probable conjecture, that during the combustion of the wood a 
portion of the potash has been decomposed by the charcoal, and converted into potassium 
(potash consisting of potassium and oxygen, p. 187. When exposed to the air and to 
moisture this potassium gradually absorbs oxygen and spontaneously burns, again form- 
ing potash. That such a decomposition may take place where wood or other vegetable 
matter is burned with little access of air will, readily be granted, but it is not so obvious 
that it can take place in an open fire. But even in an open fire, or in an open capsule, par- 
ticles of potassium may remain in the pores of the unburned charcoal, or more frequently 
may be covered over with a glaze of melted potash, by which further combustion will be 
prevented. That this really does happen, any one must have satisfied himself who has 
been in the habit of burning vegetable substances for the purpose of determining the pro- 
portion of ash they leave. The glaze of melted alkaline ma‘ter often renders the com- 
plete combustion a very difficult and tedious matter. That potassinm is formed during this 
process is rendered further probable by the observation that the quantity of potash ob- 
tained from wood or other vegetable ash is less when the wood has been burmed at a high 
than alow temperature. The potassium, which is volatile, may have been dissipated in 
vapour. 

It is probable that a spontaneous combustion similar fo that observed in America may 
occasionally take place in the heaps of ashes left to stand upon our fields after paring and 
burning—and hence probably has arisen the practical rule, to spread the ashes as soon as 
possible after the burning is finished. 1f allowed to remain, they are said “‘to take hold of 
the land,” and when it is of clay, to burn it into brick. An instance of snch combustion is 
mentioned as having occurred at Chatteris, in the Isle of Ely, where an entire common 
ere 16 or 18 inches deep, down to the very gravel.—See British Husbandry, II, 
p. 350, 
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(p. 187), this insoluble portion collects in large quantities. It is also 
present in the refuse of the soap makers, where wood ash is em- 
ployed for the manufacture of soft soap. The composition of this inso- 
luble matter varies very much, not only with the kind of wood from 
which the ash is made, but also with the temperature it is allowed to 
attaininburning. The former fact is illustrated by the following analy- 
sis made by Berthier, of the insoluble matter left by the ash of five dif- 
ferent species of wood carefully burned by himself :— 


Oak. Lime. Birch. Pitch Pine. Scotch Vir. Beech. 
Dita sree Me oS 2:0 5D 13-0 4:6 58 
ime ae oan S58 518 52:2 72 423 426 
Magnesia. . . . O6 2-2 3:0 87 105 70 
Oxide of Iron . 2. — 01 05 22:3 O1 15 
Oxide of Manganese — 06 35 5°5 O-4 45 
Phosphoric Acid . 08 28 43 18 10 57 
Carbonic Acid . . 39°6 398 31-0 21:5 36°0 32:9 
Garbon .e4!_,, yo _- os —- 43 — 

99-6 100 100 100 99 7 100 


The numbers in these several columns differ very much from each 
other, but the constitution of the insoluble part of the ash he obtained 
probably differed in every case from that which would have been left 
by the use of the same wood burned on the large scale, and in the open 
air. This is to be inferred from the total absence of potash and soda in 
the lixiviated ash—while it is well known that common lixiviated wood 
ash contains a notable quantity of both. This arises from the high tein- 
perature at which wood is commonly burned, causing a greater or Jess 
portion of the potash and soda to combine with the silica, and to form 
insoluble silicates, which remain behind along with the lime and other 
earthy matter, when the ash is washed with water. It is to these sili- 
cates, as well as to the large quantity of lime, magnesia, and phosphoric 
acid it contains, that common wood ash owes the more permanent effects 
upon the land, which it is known to have produced. When the rains 
have washed out or the crops carried off the more soluble part from the 
soil, these insoluble compounds still remain to exercise a more slow and 

enduring influence upon the after- produce. nt 


Still from the absence of this soluble portion, the action of lixiviated \ 


wood ash is not so apparent and energetic, and it may therefore be safely 
added to the land in much larger quantity. Applied at the rate of two 
tons an acre, its effects have. been observed to continue for 15 or 20 
years. It is most beneficial upon clay soils, and it is said especially to 
promote the growth of oats. 


Tam not aware that in any part of the British Islands this refuse ash / 


is to be obtained in large quantity, but in North America much of it is 
thrown away in waste, which might be advantageously res‘ored to the 
land on which the wood had grown. 

d. Kelp is the name given in this country* to the ash left by marine 
plants when burned. It used to be extensively prepared in the “Western 


* In Brittany and Normandy it is called varec, while that of Spain is known by the name 
of barilla. 
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Islands, but the low price at which carbonate of soda can now be man- 
ufactured has so reduced the price and the demand for kelp as almost 
to drive it from the market. As a natural mixture, however, which 
can now be obtained at a cheap rate (about £3 a ton), and which has 
been proved to be useful to vegetation in a high degree, (Prize Essays 
of the Highland Society, vols. 1 and 4 ,) itis very desirable that accu- 
rate experiments should be instituted with the view of determining the 
precise extent of its action, as well as the crops and soils to which it can 
be most advantageously and most economically applied. 

Like wood ashes, kelp varies in composition with the species and age 
of the marine plants (sea weeds) from which it is prepared, and like 
them also it consists of a soluble and insoluble portion. Two samples 
from different localities in the Isle of Skye, analyzed by Dr. Ure, (Dic- 
tionary of Arts and Manufactures, p. 726), consisted of— 


Normandy, 
Sotvus.Le Portion. Heisker. Rona. Gay-Lussac. 
Carbonate of Soda with Sulphuret of Sodium. = 85 55 = 
Sulphate of Soda. : i . E : 8-0 19:0 
Common Salt .. c é - : : ; 56+ 0 
Chloride of Potassium. : ¢ s : ; Bee 312 ; 25:0 
53:0 62:0 


INSOLUBLE PoRTION. 


Carbonate of Lime . : 5 3 «240 10:0 


Silica , : ° A 8-0 — = 

Alumina and Oxide of Iron : 7 A ; 90 10:0 —_— 

Gypsum . : : - d . : — 95 — 

Sulphur and loss. é : : : . 6:0 8-5 _ 
100 100 


Besides these constituents, however, the soluble portion contains 
iodide of potasium or sodium in variable quantity, and the insoluble 
more or less of potash and soda in the state of szlicates. 

Kelp may be applied to the land in nearly the same circumstances as 
wood-ash—but for this purpose it would probably be better to burn the 
sea weed at a lower temperature than is usually employed. By this 
means, being prevented from melting, it would be obtained at once in 
the state of a fine powder, and would be richer in potash and soda. 

{t might lead to important results of a practical nature, were a series 
of precise experiments made with this finely divided kelp as a manure* 
—especially in inland situations—for though the variable proportion of 
its constituents will always cause a degree of uncertainty in regard to 
the action of the ash of marine plants—yet if the quantity of chloride 
of potassium it contains to be on an average nearly as great as is stated 
above in the analysis of Gay-Lussac—kelp will really be the cheapest 
form in which we can at present apply potash to the land. 

e. Straw ashes.—The ashes obtained by burning the straw of oats, 
barley, wheat, and rye, contain a natural mixture of saline substances, 
which is exceedingly valuable asa manure to almost every crop. The 


* For some other suggestions on this subject, I beg to refer the reader to the Prize Es- 
says and Transactions of the Highland and Agricultural Socicty, xiv., p. 508. 
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proportion of the several constituents of this mixture, however, is differ- 
ent, according as the one or the other kind of straw is burned. Thus, 
100 parts of each variety of ash—in the samples analyzed by Sprengel 
(Chemie, II.)—consisted of— 


Oats. Barley. Wheat. Rye. Rape. 
Potash . : : ney tape 34 06 1:2 188 
Soda ; - . trace, 09 08 04 11:2 
Lime , . : Fee 35) 105 68 6°4 16:9 
Magnesia : Z . O04 1-4 0-9 0-4 31 
Silica. ; ; . 800 73'5 816 82:2 21 
Alumina ‘ : fe Oak 2:8 ' 
Oxide of Iron . . . trace. 0:2 26 0.9 2:3 
Oxide of Manganese . trace. 0-3 
Phosphoric Acid. Ay Ge 35 48 1:8 o:9 
Sulphuric Acid : wee 22 1:0 61 133 
Chlorine . 2 - ote Onl 13 09 06 11-4 
Carbonic Acid C : -- _ — —_ 11:0 

100 100 100 100 100 


The most striking differences in the above table are the comparatively 
large quantity of potash in the oat straw—of lime in that of barley— 
of phosphoric acid in that of wheat—of sulphuric acid in that of rye— 
and of all the saline substances in rape straw. These differences are 
not to be considered as constant, nor will the numbers in any of the 
above columns represent correctly the composition of the ash of an 
variety of straw we may happen to burn (see p. 183), but they may 
be sately depended upon as showing the general composition of such 
ashes, as well as the general differences which may be expected to pre- 
vail among them. 

That such ashes should prove useful to vegetation might be inferred 
not only from their containing many saline substances which are known 
to act beneficially when applied to the land, but from the fact that they 
have actually been obtained from vegetable substances. If inorganic 
matter be necessary to the growth of wheat, then surely the mixture of 
such matters contained in the ash of wheat straw is more likely than 
any other we can apply to promote the growth of the young wheat 
plant. A question might even be raised, whether or not in some soils, 
rich in vegetable matter, the ash alone would not produce as visible an 
effect upon the coming crop, as the direct application of the straw, either 
in the dry state or in the form of rotted farm-yard manure. And this 
question would seem to be answered in the affirmative, by the result 
of many tials of straw ashes which have been made in Lincolnshire. 
In this county the ash of five tons of straw has been found superior in 
efficacy to ten tons farm-yard manure, (Survey of Lincolnshire, p. 
304, quoted in British Husbandry, II., p. 334.) This is perfectly con- 
sistent with theory, yet as vegetable matter appears really essential toa 
fertile soil, and as the quantity of this vegetable matter is lessened in 
some degree by every corn crop we raise, it cannot be good husbandry 
to manure for a succession of rotations with saline substances only. 
The richest soil by this procedure must ultimately be exhausted. On 
the other hand, where much vegetable matter exists, and especially 
what is usually called inert vegetable matter, it may be an evidence of 
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great skill in the practical farmer to apply for a time the ashes only of 
his straw—or some other saline mixture to his land. 

The practice of burning the stubble on a windy day has been found 
in the East Riding of Yorkshire to produce better clover, and to cause 
a larger return of wheat, (British Husbandry, i., p. 333)—for this 
purpose, however, the stubble must be left of considerable length. In 
Germany, rape straw—which the above table shows to be rich in saline 
and earthy matter, and, therefore, exhausting to the land—is spread 
over the field and burned in a similar manner. ‘The destruction of 
weeds and insects which attends this practice, is mentioned as one of its 
collateral advantages, (Sprengel, Lehre vom Diinger, p. 355.) 

In the United States, where, according to Captain Barclay, the straw 
is burned merely in order that it may be got rid of, (Agricultural Tour 
in the United States, pp. 42 and 54,) it would cost little labour to apply 
the ash to the soil from which the straw was reaped, while it would 
certainly enlarge the future produce—and in Liitle Russia, where frona 
the absence of wood the straw is universally burned for fuel, and the 
ashes afierwards consigned to the nearest river, the same practice 
might be beneficially adopted. However fertile, and apparently inex- 
haustible, the soils in this country may appear, the time must come 
when the present mode of treatment will have more or less exhausted 
their productive powers. 

It is not advisable, as I have already said, wholly to substitute the 
ash for the straw in ordinary soils, or in any soils for a length of time, 
yet that it may be partially so substituted with good effect—or that straw 
ashes will alone give a large increase of the corn crop, and therefore 
should never be wasted—is shown by the following comparative experi- 
ments, conducted as such experiments should be, during an entire rota- 
tion of four years. ‘The quantity of manure applied, and the produce 
per imperial acre, were as follows: 

15 cwt. barley 3 tons stable dung 2 tons of rotten 


No manure. straw burned in the straw dung eight 
on the ground. state. months old. 
1°. Turnips, 22 lbs. 82 cwt. 182 cwt. 16% cwt. 
2°. Barley, 143 bush. 30+ bush. 304 bush. 302 bush. 
3°. Clover, 8 cwt. 18 cwt. 20 cwt. 21 cwt. 
4°. Oats, 32 bush, 18 bush. 38 bush. 40 bush. 


The kind of soil on which this experiment was made is not stated, 
(British Husbandry, i, p. 248,) but it appears to show, as we should 
expect, that the eflects of straw ash are particularly exerted in promot- 
ing the growth of the corn plants and grasses which contain much sili- 
ceous matter in their stems—in short, of plants similar to those from 
which the ash has been derived. 

Theory of the action of straw ash.—That it should especially pro- 
mote the growth of such plants appears most natural, if we consider 
only the source from which it has been obtained, but it is fully ex- 
plained by a further chemical examination of the ash itself. The so- 
luble matter of wood ash in general contains but a small quantity of 
silica—while that part of the straw ash which is taken up by water 
contains very much. Thus a wheat ash analyzed by Berthier contained 
of— 
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Soluble salts. 5 ; - : . 19 per cent. 
Insoluble matter . $ . ‘ . el fe 


100 
and that which was dissolved by water consisted of 
Silica nartine ten eli tues a eaesece : a per cent. 
1 6c 


Chlorine . A 4 A A - 4 
Potash and soda fs A : A 50 Fe 
Sulphuric acid . - . . : - 2 fi 


. 


X 100 
so that it was a mixture of soluble silicates and chlorides with a little 
sulphate of potash and soda. ‘These soluble silicates will find an easy 
admission into the roots of plants, and will readily supply to the young 
stems of the corn plants and grasses the silica which is indispensable to 
their healthy growth. 

f. Turf or peat ashes, obtained by the burning of peat of various 
qualities, are also applied with advantage to the land in many districts. 
They consist of a mixture in which gypsum is usually the predominat- 
ing useful ingredient—the alkaline salts being present in very small 
proportion. Of ashes of this kind those made in Holland, and 
generally distinguished by the name of Dutch ashes, are best known, 
and have been most frequently analyzed. The following table exhi- 
bits the composition of some varieties of ashes from the peat of Hol- 
land and from the heath of Luneburg, examined by Sprengel :— 


Dutch Ashes (grey). Luneburg Ashes (reddish). 
aS - =e ————+ 
Best Inferior Worst Good Producing 
quality. quality. quality. quality. little effect. 
Siliea te ts = ail 55:9 70-4 | 31°7 43:3 
Alumina. . 45 35 Al 51 Shi) 
Oxide of Tron 66 54 41 i Wied 19°3 
Do. of Manganese. 1-0 43 0-2 0-5 35 
Lime 13:6 8-6 6.1 31-9 71 
Magnesia . 49 16 39 1-0 4 
Potash 02 0:2 O1 O1 — 
Soda . 1-0 3:9 0-4 0-1 — 
Gypsum 
Sulphuric Acid . 72 6-4 3-4 62 0:2 
Phosph. of Lime 
Phosphoric Acid . 2:0 0-8 1:3 1:2 0-2 
Common Salt 
Chlorine . . . 1:2 3:0 0-5 01 ; 
Carbonic Acid . 41 6.4 55 4-4 12:0 
Charred Turf 66 _ a — = 
ae eee eu 
100°0 100-0 100-0 | 100-0 100-0* 


In the most useful varieties of these ashes it appears, from the above 
analyses, that lime abounds—partly in combination with sulphuric and 
phosphoric acids, forming gypsum and phosphate of lime—and partly 
with carbonic acid, forming carbonate. These compounds of lime, 
therefore, may be regarded as the active ingredients of peat ashes. 


* Sprengel Lehre vom Dunger, p. 363 et seq. 
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Yet the small quantity of saline matter they contain is not to be con- 
sidered as wholly without effect. For the Dutch ashes are ofien ap- 
plied to the land to the extent of two tons an acre—a quantity which, 
even when the proportion of alkali does not exceed one per cent., will 
contain 45 lbs. of potash or soda, equal to twice that weight of sulphates 
or of common salt. ‘To the minute quantity of saline matters present in 
them, therefore, peat ashes nay owe a portion of their beneficial in- 
fluence, and to the almost total absence of such compounds from the 
less valuable sorts, their inferior estimation may have in part arisen. 

In Holland, when applied to the corn crops, they are either ploughed 
in, drilled in with the seed, or applied asa top dressing to the young 
shoots in autumn or spring. Lucerne, clover, and meadow grass are 
dressed with it in spring at the rate of 15 to 18 cwt. per acre, and the 
latter a second time with an equal quantity after the first cutting. In 
Belgium the Dutch ashes are applied to clover, rape, potatoes, flax, 
and peas—but never to barley. In Luneburg the turf ash which 
abounds in oxide of iron is applied at the rate of 3 or 4 tons per acre, 
and by this means the physical character of the clay soils, as well as 
their chemical constitution, is altered and improved. 

In England peat is in many places burned for the sake of the ashes 
it yields. Among the most celebrated for their fertilizing qualities are 
the reddish turf ashes of Newbury, in Berkshire. The soil from be- 
neath which the turf is taken abounds in lime, and the ashes are said to 
contain from one-fourth to one-third of their weight of gypsum, [Bri- 
tish Husbandry, ii-, p. 334.) They are used largely both in Berkshire 
and Hampshire, and are chiefly applied to green crops, and especially 
to clover.* 

g- Coal ashes are a mixture of which the composition is very yaria- 
ble. They consist, however, in general, of lime often in the state of 
gypsum, of silica, and of alumina mixed with a quantity of bulky and 
porous cinders or half burnt coal. The ashofa coal from St. Etienne, 
in France, after all the carbonaceous matter had been burned away, 
was found by Berthier to consist of 


Alumina, insoluble in acids. ‘ - 62 per cent. 
Alumina, soluble. ; 5 5 ; : 5 fe 
Lime ; ; ; c : é c : 6 e 
Magnesia . : : co 2 ‘ . 8 #4 
Oxide of Manganese . S 5 ; . 3 a 


Oxide and Sulphuret of Iron. eet Loess 


100 


Such a mixture as this would no doubt benefit many soils by the 
alumina as well as by the lime and magnesia it contains; but in the 
English and Scotch coal ashes a small quantity of alkaline matter, 
chiefly soda,j is generally present. ‘The constitution of the ash of our 
best coals, therefore, may be considered as very nearly resembling that 
of peat ash, and as susceptible of similar applications. When well 


* 50 bushels per acre (at 3d. a bushel, or 12s. 6d. an acre) increase the clover crop fully 
one fifth.—Morton ‘“ On Soils,” p. 170. 


t Frem the common salt with which our coal is so often impregnated. 
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burned, it can in many cases be applied with good effects as a top-dress- 
ing to grass lands which are overgrown with moss; while the admix- 
ture of cinders inthe ash of the less perfectly burned coal produces a 
favourable physical change upon strong clay soils. 

h. Cane Ashes.—I may allude here to the advantage which in sugar- 
growing countries may be obtained from the restoration of the cane ash 
to the fields in which the canes have grown. After the canes have been 
crushed in the mill they are usually employed as fuel in boiling down 
the syrup; and the ash, which is not unfrequently more or less melted, 
is, I believe, almost uniformly neglected—at all events, is seldom ap- 
plied again to the land. According to the principles I have so often 
illustrated in the present Lectures, such procedure must sooner or later 
exhaust the soil of those saline substances which are most essential to 
the growth of the cane plant. If the ash were applied as a top-dressing 
to the young canes, or put into the cane holes near the roots—having 
been previously mixed with a quantity of wood-ash, and crushed if it 
happen to have been melted—this exhaustion would necessarily take « 
place much more slowly. 

t. Crushed Granite.—We have already seen that the felspar existing 
in granite contains much silicate of potash and alumina. It is, in fact, 
a natural mixture, which in many instances may be beneficially applied, 
especially tosoils which abound in lime. Itis many years since Fuchs 
proposed to manufacture potash from felspar and mica by mixing them 
with quicklime, calcining in a furnace, and then washing with water. 
By this means he said felspar might be made to yield one-fifth of its 
weight of potash. (Journal of the Royal Institution, I., p. 184.) Mr. 
Prideaux has lately proposed to mix up crushed granite and quicklime, 
to slake them together, and to allow the mixture to stand in covered 
heaps for some months, when it may be applied as a top-dressing, and 
will readily give out potash to the soil. Fragments of granite are easi- 
ly crushed when they have been previously heated to redness, and there 
ean be little doubt, I think, that such a mixture as that recommended 
by Mr. Prideaux would unite many of the good effects of wood ashes 
and of lime. 

k. Crushed Trap.—I need not again remind you of the natural fer- 
tility of decayed trap soils (Lec. XIL., §4,) and of the improvement which 
in many districts may be effected by applying them totheland. When 
granite decays, the potash of the felspar is washed out by the rains, and 
an unproductive soil remains—when trap decays, on the other hand, the 
lime by which it is characterised is not soon dissolved out, so that the 
soil which is produced is not only fertile in itself, but is capable of being 
employed as a fertilizing mixture for other soils. Thus whenitis much 
decayed it is dug out from pits both in Cornwall and in Scotland, and 
is applied like marl to the land. 

l. Crushed Lavas.—Of the fertile and fertilizing nature of the crushed 
or decayed lavas I have also already spoken to you (Lec. XII., § 4). 
In St. Michael’s, one of the Azores, the natives pound the volcanic mat- 
ter and spread it on the ground, where it speedily becomes a rich mould 
capable of bearing luxuriant crops. At the foot of Mount Etna, when- 
ever a crevice appears in the old lavas, a branch or joint of an Opuntia 

16 


’ 
362 EXPERIMENTS WITH MIXED MANURES. 


(Cactus Opuntia,—European Indian-F ig) is stuck in, when the roots in- 
sinuate themselves into every fissure, expand, and finally break up the 
lava into fragments. These plants are thus not only the means of pro- 
ducing a soil, but they yield also much fruit, which is sold as a refresh- 
ing food throughout all the towns of Sicily. (Decandolle, quoted in the 
Quart. Journ. of Agr., IV. p. 737.) 

These are all so many natural mineral mixtures of which we may 
‘either directly avail ourselves, or which we may imitate by art. 


Experiments with mixed manures. 


Norr.—As a valuable appendix to the preceding observations on 
mixed manures, I am permitted to insert the following very interesting 
results obtained during the present season, 1842, from experiments made 
on the estate of Mr. Burnet, of Gadgirth, near Ayr. The crop to which 
the several manures were applied was wheat of the eclipse variety, sown 
on the 29th of October, 1841, and reaped on the 15th of August last. 
The soil is a loam with subsoil of clay, tile drained and trenched plough- 
ed. It had been in beans the previous year, and gave six quarters per 
acre, which were sold at 46s. a quarter. No manure had been applied 
with the bean crop, and except a good dose of lime before sowing the 
wheat, nothing but the saline mixtures mentioned below was applied 
with this latter crop. : 


PRODUCE. 100 Ibs. grain 
Application per imperial acre. = ~—————, Weight per produced of 
Straw. Grain. bushel. fine flour. 
seis pia a9 cwt. bush. lbs. lbs. lbs. 
ulphate of Ammonia, 2 cwt.* - “He 
Waodasties 4cwt. . “ui : 353 39.54 60 66k 
Sulphate of Ammonia, 2 cwt. 
Sulphate of Soda, 2 cwt. ; 443 49 6 60 634 
Wood-ashes, 4 cwt. . soube 
Sulphate of Ammonia, 2 cwt. 
Common Salt,2cwt. . . . 45 49 0O 60 652 
Wood-ashes, 4 cwt. . . . 
Sulphate of Ammonia, 2 cwt. 
Nitrate of Soda, lewt. . 44} 45 20 59 543 
W ood-ashes, 4 cwt. 


No Application . . . 2. «293 31 38 614 163 


The reader will observe here that though the first mixture produced 
a large increase both of straw and grain, a still larger additional increase 
was caused by mixing with the substances of which it consisted either com- 
mon salt or sulphate of soda or nitrate of soda. Each of these three sub- 
stances produced nearly the same effect. The soda, therefore, more 
than the acid with which it was combined, must in these eases have act- 
ed beneficially. Thecomparatively small proportion of fine flour yield- 
ed by the nitrated wheat, and the comparatively large proportion ob- 


° The sulphate of ammonia was prepared from urine, and, therefore, contained other ad- 
mixtures (page 349). The straw was strongest, coarsest, and longest in ripening, where 
this sulphate was applied. The two guanos produced little luxuriance, but the lots to which 
they were applied were soonest ripe. 
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tained from that to which no application was made, are also highly de- 
serving of notice. 

Mr. Burnet has transmitted to me samples of the flour from these 
several growths of wheat, with the view of determining the relative 
oroportions of gluten they contain. The result of this examination, 
which cannot failto be interesting, will be given in a succeeding Lec- 
ture—before which, however, I hope the whole of Mr. Burnet’s experi- 
ments will be laid before the public. 

It will be observed that Mr. Burnet has exercised a sound discretion 
in making and trying mixtures not hitherto specifically recommended. 
It is by the result of such varied experimental trials, made by intelli- 
gent practical men, on different soils and crops, and with mixtures of 
which the constitution is exactly known, that we shall be able hereafter to 
correct our theoretical principles—as well as to simplify and render 
more sure our general practice. 


[Since writing the above, Iam informed that the silicate of potash, re- 
ferred to at p.349, is manufactured by Messrs. Dymond, of London, and 
may be obtained from the London dealers at 56s. acwt. I expect also, 
that a silicate ofsoda will soon be brought inte the market by the Messrs. 
Cooksons, of the Jarrow Alkali Works, ata much lower price. The 
probable efficacy of these substances, as manures, has, no doubt, been 
extolled too highly by some—their real efficacy, however, is well de- 
serving of investigation. I insert in the Appendix No. VII, therefore, 
some suggestions for experiments with these substances, in the hope that 
during the spring of 1843, some experiments on the subject may be 
made. 
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Use of lime as a manure.—Value of lime in improving the soil —Of the composition of 
common and magnesian lime-stones.—Burning and slaking of lime.—Changes whieh 
slaked lime undergoes by exposure to the air.—Various zalural states in which carbonate 
of lime is applied to the land.~-Marl—shell and coral sand,—lime-stene sand and gravel, 
—crushed lime-stone.---Chemical composition of various marls, and shell and lime-stone 
sands.--Their effects on the soil.—-Use of chalk.--Is lime necessary to the soil }—Ex- 
hausting effect of lime.—-Analogy between this action of lime and that of wood-ashes. 
Quantity of lime to be applied.—Effects of an overdose.—Form in which it may be most 
prudently used.--When it onght to be applied in reference te the season—to the rotation 
~-and to the application of manture.—Its general and special effects on different scils and 
crops.—Circumstances which influence its action.—Length of time during which its ef- 
fects are perceptible.--Theory of the action of lime.—Necessity and nature of the ex- 
haustion which it sometimes produces.—Sinking of lime into the soil.—Why the appli- 
cation of lime must be repeated.—Acticn of lime on living animals and vegetables. 
Suggestions of theory.—Use of silicate of lime. 


Havine explained to you the action of the most important saline 
and mixed mineral substances which are or may be beneficially ap- 
plied to the soil, I have now to draw your attention to the use of lime 
=the most valuable and the most extensively used of all the mineral 
substances that have ever been made available in practical agricul- 
ture. It has, and with much reason, been called “the basis of all 
good husbandry”—it well deserves, therefore, your most serious atten- 
tion as practical men, and on my part the application of every chem- 
ical light by which its usefulness may be explained and your practice 
guided. This consideration also will justify me in dwelling upon it 
with some detail, and in illustrating separately the various points, 
both of theory and practice, which present themselves to us, when 
we study the history of its almost universal application to the soil. 


§ 1. Of the composition of common and magnesian lime-stones. 


1°. Common lime-stones.—Lime is never met within nature except 
in a state of chemical combination (Lec. I., § 5,) with some other 
substance. ‘That which is usually employed in agriculture is met 
with in the state of carbonate. _ 

Carbonate of lime, or common lime-stone, consists of lime and car- 
bonic acid, and when perfectly pure and dry, in the following propor- 
tions :— 


per cent. 
Carbonic acid... ... 43-7 
PME otc clot oe se 56:3 | or one ton of pure dry carbonate of 
—- lime contains 114 ewts. of lime. 
100 


Limestones, however, are seldom pure. They always contain a sen- 
sible quantity of other earthy matter, chiefly silica, alumina, and oxide 
of iron, with a trace of phosphate of lime, sometimes of potash and soda, 
and often of animal and other organic matter. In lime-stones of the 
best quality the foreign earthy matter or impurity does not exceed 5 per 
cent. of the whole—while it is often very much less. The chalks and 
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mountain lime-stones are generally of this kind. In those of inferior 
quality it may amount to 12 or 20 per cent., while many calcareous beds 
are met with in which the proportion of lime is so small that they will 
not burn into agricultural or ordinary building liime—refusing to slake 
or to fall to powder when moistened with water. Of this kind is the 
Irish calp and the lime-stone nodules which are burned for the man- 
ufacture of hydraulic limes or cements.* It is easy to ascertain the 
quantity of earthy matter contained in lime-stone, by simply intro- 
ducing a known weight of it into cold diluted muriatic acid, and ob- 
serving or weighing the part which, after 12 hours, refuses to dis- 
solve or to exhibit any effervescence. It is to the presence of these 
insoluble impurities that lime-stones in general owe their color, pure 
carbonate of lime being perfectly white. 

2°. Magnesian lime-stone.—Though often nearly white, the mag- 
nesian lime-stones of our island are generally of a yellow color. They 
cannot by the eye be distinguished from common lime-stones of*a simi- 
lar color, but they are characterised by containing a greater or less 
proportion of carbonate of magnesia, which is more or less easily de- 
tected by analysis. Pure carbonate of magnesia consists of 


per cent. 
Carbonic acid. .51-7 
Magnesia. . . ...48:3 | or one ton of pure dry carbonate of magnesia 
— contains 92 cwts. of magnesia. 
100 


It contains, therefore, a considerably larger proportion of carbonic 
acid than is present in carbonate of lime. 

Magnesian lime-stone is very abundant, is indeed the prevailing 
rock in many parts of England (Lec. XI., sec. 4,) but the proportion 
of carbonate of magnesia it contains is very various in different lo- 
calities. Even in the same quarry different beds contain very unlike 
proportions of magnesia, and are therefore more or less fitted for 
agricultural purposes. Thus several varieties of this lime-stone, ex- 
amined by myself, from different parts of the county of Durham, 
contained the two carbonates in the following proportions: 


e- 
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22 2% 522535 
23/25, $5.22 32 
6° 335 <Sine 38 
Garmondsway......975 25 trace trace Hard compact grey. 
Stony-gate......... 980 161 027 0:12 Crystalline fine grained yellow 
Fulwell ......+..:- So (BAe OS a0 MinyT Myee cryeralne 
Seaham (A)....... 965° 23. 02 1:0 Hard fine-grained compact. 
= CB)es. 358 950 13 @2 35 Hard porous brown. 
Hartlepool ......... 54.5 4493 0:33 0:24 Oolitic yellow. 
HumbledonHill(A)57-9 41°8 2 0:28 Perfect enerinal columns. 
= “ (B) 60-41 38:78 12 081 Consistingin part encrinal col. 


Berry Es. <2 5 541 4472 158 46 Yellowish compact. 
Some of these varieties, as we see, contain very little carbonate of 


* Thus that of Aberthaw contains about 86 of carbonate of lime and 11 of clay, &c¢.; 
that of Yorkshire 62 of carbonate of lime and 34 of clay ; of Sheppy 66 of carbonate of 
lime and 32 of clay. These lime-stones are burned, and then crushed to an impalpable 
powder, which sets almost immediatety when mixed up with water. 
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magnesia, and therefore, are found to produce excellent lime for agri- 
cultual purposes—while in others this substance forms nearly one- 
half of the whole weight of the rock. Similar differences are found 
to prevail in almost every locality. 

This admixture of magnesia in greater or less quantity is not con- 
fined to the lime-stones of the magnesian lime-stone formation pro- 
perly so called. It is found in sensible quantity in certain beds of 
lime-stone in nearly every geological formation, and there are few 
natural lime-stones of any kind in which traces of it may not be dis- 
covered by a carefully conducted chemical examination. 

The simplest method of detecting magnesia in a lime-stone is to dis- 
solve it in diluted muriatic acid, and then to pour clear lime water into 
the filtered solution. Ifa light white powder fall, it is magnesia. The 
relative proportions in two lime-stones may be estimated pretty nearly 
by dissolving an equal weight of each, pouring the filtered solutions 
into bottles which can be corked, and then filling up both with lime 
water. On subsiding, the relative bulks of the precipitates will indi- 
cate the respective richness of the two vavieties in magnesia. 


§ 2. Of the burning and slaking of lime. 


Burning.-—When carbonate of lime or carbonate of magnesia is 
heated to a high temperature in the open air the earbonic acid they 
severally contain is driven off, and the lime or magnesia remains in 
the caustic state. When thus heated the carbonate of magnesia 
parts with its carbonic acid more speedily and at a lower tenxyperature 
than carbonate of lime. 

On the large scale this burning is conducted in lime kilns, one ton 
good lime-stone yielding about 11 cwts. of burned, shell, quick, or 
caustic lime. 

Slaking.—When this shell or quick-lime, as it is taken from the kiln, 
is plunged into water for a short time and then withdrawn, or when a 
quantity of water is poured upon it, heat is developed, the lime swells, 
cracks, gives off much watery vapor, and finally falls to a fine, bulky, 
more or less white powder. ‘These appearances are more or less rapid 
and striking according to the quality of the lime, and the time that has 
been allowed to elapse after the burning, before the water was applied. 
All lime becomes difficult to slake when it has been for some time ex- 
posed to the air. When the slacking is rapid as in the rich limes, the 
heat produced is sufficient to kindle gunpowder strewed upon it, and 
the increase of bulk is from 2 to 33 times that of the original lime 
shells. If the water be thrown on so rapidly or in such quantity as 
to chill the lime er any part of it, the powder will be gritty, will con- 
tain many little lamps which refuse to slake, will also be less bulky 
and less minutely divided, and therefore will be less fitted either for 
agricultural or for building purposes. 

When quick-lime is left in the open air, or is covered over with sods 
‘in a shallow pit, it gradually absorbs water from the air and from the 
soil, and falls, thotngh much more slowly, and with little sensible deve- 
lopment of heat, into a similar fine powder. In the rich limes the in- 
crease of bulk may be 3 or 3} times; in the poorer, or such as contain 
much earthy matter, it may be less than twice. 
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Hydrate of lime.—When quick-lime isthus slaked it combines with 
the water which is added to it, and becomes converted into a milder or 
less caustic compound, which among chemists is known by the name of 
hydrate of lime. This hydrate consists of 

Lime . . 76 percent. 2 or one ton of pure burned lime becomes 

Water!" 24 > os , nearly 25 cwt. of slaked lime. 


100 

Itis rare, however, that lime is so pure or so skilfully and perfectly 
slaked as to take up the whole of this proportion of water, or to increase 
quite so much as one-fourth part in weight. 

Hydrate of Magnesia.—When calcined or caustic magnesia is 
slaked, it also combines with water, but without becoming so sensibly 
hot as quick-lime does, and forms a hydrate, which consists of 

Magnesia . 69-7 per cent. 2 or one ton of pure burned magnesia be- 

Water.’ . 30:0,“ comes 283 cwt. of hydrate. 

100 

When magnesian lime is slaked, the fine powder which is obtained 
consists of a mixture of these two hydrates, in proportions which depend 
of course upon the composition of the original lime-stone. 

An important difference between these two hydrates is, that the hy- 
drate of magnesia will harden under water or in a wet soil in about 8 
days—forming a hydraulic cement. Hydrate of lime will not so 
harden, but a mixture of the two in the proportions in which they exist 
in the Hartlepool, Elumbledon, and Ferryhill lime-stones (page 365), 
will harden under water, and form a solid mass. In the minute state 
of division in which lime is applied to the soil, the particles, if it be a 
magnesian lime, will, in wet soils, or in the event of rainy weather 
ensuing immediately after its application, become granular and gritty, 
and coliere occasionally into lumps, on which the air will have little 
effect. This property is of considerable importance in connection with 
the further chemical changes which slaked limes undergo when exposed 
to the air or buried in the soil. 


§ 3. Changes which the hydrates of lime and magnesia undergo by 

prolonged exposure to the air. 

When the hydrates of lime or magnesia obtained by slaking are ex- 
posed to the open air, they gradually absorb carbonic acid from the at- 
mosphere, and tend to return to the state of carbonate in which they ex- 
isted previous to burning. By mere exposure to the air, however, they 
do not attain to this state within any assignable time. In some walls 
600 years old, the lime has been found to have absorbed only one-fourth 
of the carbonic acid necessary to convert the whole into carbonate; in 
others, built by the Romans 1800 years ago, the proportion absorbed 
has not exceeded three-fourths of the quantity contained in natural lime- 
stones. In damp situations the absorption of carbonic acid proceeds 
most slowly. 

1°. Change undergone by pure lime during spontaneous slaking.-- 
In consequence, however, of the strong tendency of caustic lime to ab- 
sorb carbonic acid, a considerable quantity of the hydrate of lime first 
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formed, during spontaneous slaking, becomes changed into carbonate 

during the slaking of the rest. But, when it has all completely fallen, 

the rapidity of the absorption ceases, and the fine slaked lime consists of 
Carbonate of lime «. 2. 2... « . 574 


J . lime . . . 32:4 : 
Hydrate of hime } acer. #S vas 42:6 


100 

or, a ton of lime, left in the open air till it has completely fallen to 
powder, contains about 84 cwt. in the state of hydrate. If left to slake 
in large heaps, the lime in the interior of those heaps will not absorb so 
much carbonic acid till afier the lapse of a very considerable time. 
More caustic lime (hydrate) also will be present if it be left to slake, as 
is often done for agricultural purposes, in shallow pits covered with sods, 
to defend it from the air and the raias. 

After the lime has attained the state above described, and which is a 
chemical compound? of carbonate with hydrate of lime, the further ab- 
sorption of carbonate acid from the air proceeds very slowly, and is only 
completely effected afier a very long period. 

2°. When slaked in the ordinary way lime falls to powder, without 
having absorbed any notable quantity of carbonic acid. Numerous 
small lumps also remain, which, though covered with a coating of hy- 
drate, have not themselves absorbed any water. The absorption of 
carbonic acid by this slaked lime is at first very rapid,—so that where 
the full effect of caustic lime upon the soil is required, it ought to be 
ploughed in as early as possible,—but it gradually becomes more slow, 
a variable proportion of the compound of carbonate and hydrate above 
described is formed, and even when thinly scattered over a Srass-field, 
an entire year may pass over without effecting the compiete conversion 
of the whole into carbonate. - 

3°. Calcined or burned magnesia, whether in the pure state or mixed 
with quick-lime, as in the magnesian limes, absorbs carbonic acid more 
slowly—and by mere exposure to the air will probably never return to 
its original condition of carbonate. 

When allowed to slake spontaneously, three-fourths of it become 
ultimately changed into carbonate, and form a compound of hydrate 
and carbonate which is identified with the common uncalcined magne- 
sia of the shops. This compound? consists of 
Carbonate of magnesia . . . . . . . 69:37 
EAVGrate Of MAMET A. +, selfs” .sub een wy tote 
ACE) i ON RE Near IP Ee TEAM YI 

100 
and it undergoes no further change by continued exposure to the air. 


But if slaked by the direct application of water, magnesia, like lime, 


” This compound consists of one atom of carbonate of lime (Ca O 4+ CO2) combined with 
one of hydrate (Ca O + HO,) and is represented shortly by Ca C-++Ca H—in which Ca 
denotes calcium (Lec. IX., § 4,) Ca O or Ca oxide of calcium or lime, CQz or G carbonic 
acid (Lec. III., § 1,) and H O or H water (Lec. II. § 6.) 


t Itis represented by the formula 3 (Mg C + Hy + Mg H. 
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forms a hydrate only, without absorbing any sensible quantity of car- 
bonic acid. The hydrate thus produced is met with in the form of 
mineral deposits on various parts of the earth’s surface, and this mineral 
is not known to undergo any change or to absorb carbonic acid though 
exposed for a great length of time to the air. When magnesian limes 
are slaked by water, therefore, the magnesia they contain may remain 
in whole or in part in the caustic state (of hydrate), which will change 
but slowly even when exposed to the air. When it is left to sponta- 
neous slaking, one-fourth of it at least will always remain in the caustic 
state, however long it may be exposed to the air. 

Should a lime be naturally of such a kind, or be so mixed with the 
ingredients of the soil as to form a hydraulic cement or an ordinary 
mortar, which will solidify when rains come upon it, or when the natu- 
ral moisture of the soil reaches it—the absorption of carbonic acid will 
in a great measure cease as it becomes solid, and a large proportion of 
the lime will remain caustic for an indefinite period. 


§ 4. Stales of chemical combination in which lime may be applied to 

the land. 

There are, therefore, four distinct states of chemical combination, in 
which pure lime may be artificially applied to the land. 

1°. Quick-lime or lime-shells, in which the lime as it comes from the 
kiln is uncombined either with water or with carbonic acid. 

2°. Slaxed lime or hydrate of lime, in which by the direct application 
of water it has been made to combine with about one-fourth of its 
weight of water. 

In both these states the lime is caustic, and may be properly spoken 
of as caustic lime. 

3°. Spontaneously slaked lime, in which one-half of the lime is com- 
bined with water and the other half with carbonic acid. In this state 
it is only half caustic. 

4°. Carbonate of lime—the state in which it occurs in nature, and to 
which burned lime, after long exposure to the air, more or less perfectly 
arrives. In this state lime possesses no caustic or alkaline (p. 48, § 5, 
note) properties, but is properly called mild lime. 

5°. Bi-carbonate of lime may be adverted to as a fifth state of com- 
bination, in which, as I have previously explained to you (pp. 45-6, 
§ 1), nature usually applies lime to the land. In this state it is combined 
with a double proportion of carbonic acid, and is to a certain extent 
readily soluble in water. Hence, springs are often impregnated with 
it, and the waters that gush from fissures in the lime-stone rocks spread 
it through the soil in their neighbourhood, and sweeten the land. 

1 shall hereafter speak of these several states under the names of 
quick-lime, hydrate of lime, spontaneously slaked lime, carbonate of 
lime, and Bi-carbonate of lime. By adhering to these strictly correct 
names, we shall avoid some of that confusion into which those who 
have hitherto treated of the use of lime as a manure have unavoidably 
fallen. The term mild, you will understand, applies only to that which 
is entirely in the state of carbonate. 

Magnesia, in the magnesian limes, may in like manner be either in 
the state of calcined magnesia, of hydrate of magnesia, of spontaneously 

16* 
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slaked—meaning by this the compound of hydrate with carbonate—of 
carbonate, or of Bi-carbonate of magnesia, the latter of which is so- 
luble in water to a very considerable extent. (It dissolves in 48 times 
its weight of water—or a gallon of water will dissolve 5 ounces of 
the Bi-carbonate containing 13 ounces of magnesia.) 


§5. Of the various natural forms in which carbonate of lime is 
applied to the land. 


In the unburned or natural state, lime is met with on the earth’s 
surface in numerous forms—in many of which it can be applied 
largely, easily, and with economy to the land. 

1°. Marl.—Of these forms that of marl oceurs most abundantly, 
and is most extensively used in almost every country of Europe. By 
the term marl, is understood, as I explained to you, when treating of 
soils (Lec. XI., § 3,) an earthy mixture, which contains carbonate of 
lime, and effervesces more or less sensibly when an acid (vinegar or 
diluted muriatic acid—spirit of salt) is poured upon it. Generally, 
also, the tenacious marls, when introduced into water, lose their co- 
herence, and gradually fall to powder. This test is often employed 
to distinguish between marly and other clays, yet the falling asunder, 
though it afford a presumption, is not an infallible proof that the sub- 
stance tried is really a marl. 

Marls are of various colors, white, grey, yellow, blue, and of various 
degrees of coherence, some occurring in the form of a more or less fine, 
loose, sandy powder, others being tenacious and clayey, and others, 
again, hard and stony. ‘These differences arise in part from the kind 
and proportion of the earthy matters they contain, and in part, also, from 
the nature of the locality, moist or dry, in which they are found. The 
hard and stony varieties are usually laid upon the land, and exposed to 
the pulverising influence ofa winter’s frost before they are either spread 
over the pasture or ploughed into the arable land. Some rich marls 
consist in part or in whole of broken and ecomminuted shells, which 
clearly indicate the source of the calcareous matter they contain. 


COMPOSITION OF MARLS FROM 
Luneburg, Osnabruck. Magdeburg. Brunswick. Wesermarsh, Brunswick, 


powdery. stony. clayey. loamy. powdery. stony. 

Quartz-Sand & Silica... 5:6 23:0 534 734 739 wit 
AMUTIAIN Gs asin cine ais ore 0-4 10-0 8-4 9 3°] 40 
Oxides of Iron........ 42 1:9 67 32 38 65 
Do. of Magnesia...... trace trace 03 03 0:3 11 
Carbonate of Lime.... 85°5 35-0 18°2 181 8:2 13:3 
Do. of Magnesia...... 1°25 0-9 38 15 3-0 26 
Sulphuret of Iron. .... — 73 — — = _ 
Potash & Soda, com- ‘ : ; 
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Phosphate of Lime 5 
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The characteristic property of true marls of every variety is, I have 
said, the presence of a considerable per centage of carbonate of lime in 
the state of a fine powder, and, in general, diffused uniformly through 
the entire mass. ‘To this calcareous matter the chief efficacy of these 
marls is no doubt to be ascribed, yet as they always contain other chem- 
ical compounds to which the special efficacy of certain varieties has 
sometimes been ascribed, it may not be improper to direct your attention 
to the preceding table, in which the constitution of several marls, from 
different localities, is represented, after the analyses ot Sprengel. 

Severalreflections will occur to you on looking at these tables—such 
as, 
First—that marls differ very much in composition, and therefore 
must differ very much also in the effects which they are capable of pro- 
ducing when applied in the same quantity to the same kinds of land. 

Second—that, among other differences, the proportion of carbonate 
of lime is very unlike—in some varieties amounting to 85 lbs. out of 
every hundred, while in others as little as 5 lbs. are present in the same 
weight. You will understand, therefore, how very different the quan- 
tity applied to the land must be, if these several varieties are to produce 
au equal liming or to add equal quantities of lime to the soil. You 
will see that each of three persons may be adopting the best practice 
with his own marl—though the one add only 12 to 20 tons per acre, 
while the second adds 50 to 60, and the third 100 to 120 tons. 

T'hird—that the proportion of phosphate of lime (bone-earth) is in 
some marls considerably greater than in others. Thus with every ton 
of the first of the above marls you would lay on the soil 52 Ibs. of bone 
earth—about as much as is contained in a cwt. of bone dust—while 
with the second you would only add 11 Ibs. In so far as their effects 
upon the land depend, or are influenced by the presence of this sub- 
stance, therefore, they must also be very different. And, 

Fourth—that the mechanical effects of these marls upon the soil to 
which they are added must be very unlike, since some contain 70 or 
80 Ibs. of sand in every hundred—while others contain a considerable 
quantity of clay. The opening effects of the one marl, and the stiff- 
ening effects of the other, when they are laid on in large quantities, 
cannot fail to produce very different alterations in the physical cha- 
racters of the soil. 

2°. Shell Sand.—The sands that skirt the shores of the sea are 
found in many localities to be composed, in large proportion, of the 
fragments of broken and comminuted shells. 'These form a calcare- 
ous sand, mixed occasionally with portions of animal matter, and, 
when taken fresh from the sea-shore, with some saline matter derived 
from the sea. 

Such is the case in many places on the coast of Cornwall. From 
these spots the sand is transported to a distance of many miles into 
the interior for the purpose of being laid upon the land. It has been 
estimated (De la Beche’s Geological Report on Cornwall, §c., p. 480) 
that seven millions of cubic feet are at present employed every year 
in that county for this purpose. 

On the western coast of Scotland also, and on the shores of the island 
of Arran and of the Western Isles, this shell sand abounds, and is 
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applied extensively, and with remarkably beneficial effects, both to the 
pasture lands and to the peaty soils that cover so large an area in this 
remote part of Scotland. It is chiefly along the coasts that it has hith- 
erto been extensively employed, and it is transported by sea to a dis- 
tance of 80 or 100 miles. “In the island of Barray alone, there are four 
square miles of shells and shell sand of the finest quality and of an 
indefinite depth” (Macdonald’s Agricultural Survey of the Hebrides, 
p- 401.) When covered with a dressing of this shell sand the peaty 
surface becomes covered with a sward of delicate grass—and the 
border of green herbage that skirts the shores of these islands in so 
many places is to be ascribed either to the artificial applications of 
such dressing or to the natural action of the sea winds in strewing 
the fine sand over them, when seasons of storm occur. 

The coast of Ireland is no less rich insuch sand in many parts both 
of its northern and southern coasts. A century and a half ago, it is 
known to have been used for agricultural purposes in the north of Ire- 
land—and nearly as long ago to have been brought over to the oppo- 
site (Galloway) coast of Scotland with a view of being applied to the 
land (Macdonald.) In the south, according to Mrs. Hall, (Mrs. Hall’s 
freland,) the coral sand raised in Bantry Bay alone produces £4000 
or £5000 a-year to the boatmen who procure it and to the peasants 
who convey it up the country. 

On the coast of France, and especially in Brittany, opposite to Corn- 
wall, on the other side of the English channel, it is obtained in large 
quantity, and is in great demand (Payen and Boussingault, Annales de 
Chim. et de Phys., third series, iii., p. 92.) It is applied to the clay soils 
and to marshy grass lands with much advantage, and is carried far 
inland for this purpose. It is there called trez, and is laid on the land at 
the rate of 10 to 15 tons per acre. On the southern coasts of France, 
where shell sand is met with, it is known by the name of tanque or 
tangue. 

The shell sand of Cornwall contains from 40 to 70 per cent. of car- 
bonate of lime, with an equally variable small admixture of animal 
matter and of sea salt. The rest is chiefly siliceous sand. Other va- 
rieties have a similar composition. 'T'wo specimens of tangue from the 
south of France, analysed by Vitalis, and one of shell sand from the 
island of Isla, partially examined by myself, consisted of 


Tangne from the Shell Sand 
Sand, chiefly siliceous “203 40 ea eae 
and, chiefly siliceous.........- . k a 
Alumina and Oxide of Iron..... 46 4:6 71-7 to 65°7 
Carbonate of Lime.............66:0 47.5 28 to 34 
Phosphate of Lime... .......-.:. ? 2 0:3 
Water, and losss2..5 .: 22.6 2060 OL 79 — 


100 100 100 
3°. Coral sand is similar in its nature to the shell sand with which 
it is often intermixed on the sea-shore. It is collected in considerable 
quantities, however, by the aid of the drag—being torn up by the fish- 
ermen in a living state—on the coasts of Ireland (Bantry Bay and 
elsewhere, ) and on the shores of Brittany, especially near the mouths of 
the rivers. In this fresh state it is preferred by the farmer, probably be- 
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cause it contains both more saline and more animal matter. This ani- 
mal matter enables it to unite in some measure the beneficial effects 
which follow from the application of marl and of a small dressing of 
farm-yard or other valuable mixed manure. 

Payen and Boussingault ascribe the principal efficacy of the shell 
and coral sands to the small quantity of animal matter which is present 
in them. ‘These chemists estimate the relative manuring powers of 
different substances applied to the land by the quantities of nitrogen 
which they severally contain, and thus, compared with farm-yard 
manure, attribute to the shell and coral sands the following relative 


values :— 
Contain of Relative 
Nitrogen. value. 


100 lbs. of Farm-yard Manure . . . 0°40 Ibs. 100 
do. of Coral Sand (Merl) . . . 0-512 lbs. 128 
do, of Shell Sand(Zrez) . . . O13 Ibs. 324h* 


That is to say, that, in so far as the action of these substances is de- 
pendent upon the nitrogen they contain, fresh coral sand is nearly one- 
third more valuable than farm-yard manure, while fresh shell sand is 
only equal in virtue to one-third of its weight of the same substance. 

Though, as I have already had frequent occasion to observe to you, 
much weight is not to be attached tosuch methods of estimating the re- 
lative values of manuring substances by the proportions of any one of 
the ingredients they happen to contain—yet the fact, that so much ani- 
mal matter is occasionally present in the living corals, accounts in a 
satisfactory manner for the ammedziate effects of this form of calcareous 
application. This animal matter acts directly and during the first year; 
the carbonate of lime begins to show its beneficial influence most dis- 
tinctly when two or three years have passed. 

4°. Lime-stone Sand and Gravel.—In countries which abound in 
lime-stones, there are found scattered:here and there, in the hollows and 
on the hill-sides, banks and heaps of sand and gravel, in whith rounded 
particles of lime-stone abound. ‘These are distinguished by the names 
of lime-stone sand and gravel, and are derived from the decay or wear- 
ing down of the lime-stone and other rocks by the action of water. 
Such accumulations are frequent in Ireland. They are indeed exten- 
sively diffused over the surface of that island, as we might expect ina 
country abounding so much in rocks of mountain lime-stone. In the 
neighbourbood of peat bogs these sands and gravels are a real blessing. 
They are a ready, most useful, and largely employed means of im- 
provement, producing, upon arable land, the ordinary effects of liming, 
and, when spread upon boggy soils, alone enabling it to grow sweet 
herbage and to afford a nourishing pasture. The proportion of carbon- 
ate of lime these sands and gravels contain is very variable. I have 
examined two varieties from Kilfinane, in the county of Cork (?).. The 
one, a yellow sand, contained 26 per cent. of carbonate of lime—the re- 
sidue, being a fine red sand, chiefly siliceous ; the other, a fine gravel 
of a grey colour, contained 40 per cent. of carbonate of lime in the 
form chiefly of rounded fragments of blue lime-stone, the residue con- 
sisting of fragments of sand-stone, of quartz, and of granite. 


* Annales de Chim. et de Phys., third series, iii., p. 103. 
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The application of such mixtures must not only improve the physi- 
cal characters of the soil, but the presence of the fragments of granite, 
containing undecomposed felspar and mica (Lec. XII., § 1), must con- 
tribute materially to aid the fertilizing action of the lime-stone with 
which they are mixed. 

5°. Crushed Lime-stone.—The good effects of calcareous marls and 
of lime-stone gravels naturally suggest the crushing of lime-stones as a 
means of obtaining carbonate of lime in so minute a state of division 
that it may be usefully applied to the soil. Lord Kames was, I be- 
lieve, the first who in this country endeavoured to bring this suggestion 
into practical operation. He is said to have caused machinery to 
be erected for the purpose in one of the remotest districts of Scotland, 
but from some cause the plan seems never to have-obtained a proper 
trial. 

One of the results which, as we have already seen, follows from the 
burning of rich lime is this, thatit naturally falls to a very fine powder 
as it slakes. Where coal or other combustible is cheap, therefore, it 
may possibly be reduced to a fine powder by burning, at a less cost 
than it could be crushed. 

Yet there are two cases or conditions in which crushing might be re- 
sorted to with equal advantage and economy : 

First, where coal is dear or remote, while Hme-stones and water 
power are abundant. There are many inland districts in each of the 
three kingdoms where these conditions exist, and in which, therefore, 
the erection of cheap machinery might afford the means of greatly fer- 
tilizing the land; and, 

Second, there are in many localities rocks rich in calcareous mat- 
ter, which are nevertheless so impure, or contain so much other earthy 
matter, that they cannot be burned into lime. Yet, if crushed, these 
same masses of rock would form a valuable dressing for the land. 
Many lime-stones of this impure character, which are really useless for 
building purposes—which do not fall to powder when burned, and 
which have, therefore, been hitherto neglected as useless—might, by 
crushing, be made extensively available for agricultural purposes. The 
siliceous lime-stones (corn-stones) of the old red sand-stone, the earthy 
beds of the mountain lime-stone, and many of the calcareous strata of 
the Silurian system might thus be made to improve more extensively 
the localities in which they are severally met with. The richer limes 
now brought from a great distance, and at much expense—as on the 
Scottish borders—might be in a great measure superseded by the native 
produce of the district. 


§ 6. Effects of marl and of the coral, shell, and lime-stone sands, 
upon the soil. 


The effects which result from the application of the above natural 
forms of carbonate of lime are of two kinds. 

1°. Their physical effect in altering the natural texture of the soils to 
which they are added. This effect will necessarily vary with the na- 
ture of the earthy matter associated with the lime. Thus the clay 
marls will improve, by stiffening, such soils.as are light and sandy— 
the shell sands and lime-stone gravels, by opening and rendering more 
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free and easier worked such svils as are stiff, intractable, and more or 
less impervious-—-while either will impart solidity and substance to 
such as are of a peaty nature or over-bound with other forms of vege- 
table matter. 

2°. Their chemical effect in actually rendering the soil productive of 
larger crops. This effect is altogether independent of any alteration in 
the physical properties of the soil, and is nearly the same in kind, what- 
ever be the variety of marl, &c., we apply. It differs in degree, chiefly 
according to the proportion of calcareous matter which each variety 
contains. ‘This action of the pure carbonate of lime they contain is 
supposed to be modified in some cases by the proportion of phosphate of 
lime, &e. (p. 370,) with which it may be mixed—it is certainly modified 
by the animal and saline matters which are present in the recent cor- 
als and shell sands. 

The several effects of marls and calcareous sands being dependent 
upon circumstances so different, it is not surprising that the opinions of 
practical men should, in former times, have been divided in regard to 
the action of this or that marl upon their respective soils. In no two 
localities was the substance applied to the land exactly alike, and 
hence unlike results must necessarily have followed, and disappoint- 
ment been occasionally experienced from their use. And yet the im- 
portance of rightly understanding the kind and degree of effect which 
these manuring substances ought to produce may be estimated from 
the fact, that a larger surface of the cropped land in Europe is improved 
by the assistance of calcareous marls and sands—than by the aid of 
burned lime and farm-yard manure put together. 

It is not easy in any case to estimate with precision what portion of 
the effect caused by a given marl is due to its chemical and what to its 
physical action. Even the pure limes, when applied in large doses, 
produce a change in the texture of the soil, which on stiff lands is ben- 
eficial, and on light or sandy fields often injurious. In all cases, there- 
fore, the aetion of lime applied in any form may be considered as part- 
ly physical and partly chemical—the extent of the chemical action in 
general increasing with the proportion of lime which the kind of cal- 
careous matter employed is known to contain. 

The observed effects of marls and shell sands, in so far as they are 
chemical, are very analogous to those produced by lime as it is gener- 
ally applied in the quick or slaked state in so many parts of our islands. 

They alter the nature and quality of the grasses when applied to 
pasture—they cover even the undrained bog with a. short rich grass— 
they extirpate heath, and bent, and useless moss—they exterminate 
the weeds which infest the unlimed corn fields—they increase the 
quantity and enable the land to grow a better quality of corn—they ma- 
nifest a continued action for many years after they have been applied— 
like the purer limes they act more energetically if aided by the occa- 
sional addition of other manure—and like them they finally exhaust* 
a soil from which 'the successive crops are reaped, without the requisite 
return of decaying animal or vegetable matter. 


* Of shell marl the same quantity exhausts sooner than clay marl (Kames). This is 
owing chiefly to the larger proportion of lime contained in the former. 
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But to these and other effects I shall have oceasion to draw your at- 
tention more particularly in a subsequent part of the present lecture. 


§ 7. Of the use of chalk as a manure. 


Chalk is another form of carbonate of lime which occurs very abun- 
dantly in nature, and which, from its softness, has in many parts of 
England been extensively applied to the land in an unburned state. 

The practice of chalking prevails more or less extensively in all 
that part of England (Lec. XI., § 8,) over which the chalk formation 
extends. It is usually dug up from pits towards the close of the au- 
tumn or beginning of winter, when full of water, and laid upon the 
land in heaps. During the winter’s frost the lumps of chalk fall to 
pieces, and are readily spread over the fields in spring. The quantity 
laid on varies with the quality of the soil and of the chalk itself, and 
with the more or less perfect crumbling it undergoes during the season 
of winter, and with the purpose it is intended to serve. It gives tena- 
city and closeness to gravelly soils,* opens and imparts freeness to stiff 
clays, and adds firmness to such as are of a sandy nature. 

If a physical improvement of this kind be required, it is laid on at 
the rate of from 400 to 1000 bushels an acre. But some chalks con- 
tain much more clay than others, and are employed, therefore, in small- 
er proportions. 

For the improvement of coarse, sour, marshy pasture, it isapplied at 
the rate of 150 to 250 bushels an acre, and speedily brings up a sweet 
and delicate herbage. It is also said to root out sorrel from lands that 
are infested with this plant. 

These effects are precisely such as usually follow from the applica- 
tion of marl, and, like marl, the repetition of chalk exhausts the land, if 
manure be not afterwards added to it in sufficient quantity. 

But the chalking of the Southern Downs and of the Wolds of Tuin- 
colnshire and Yorkshire would appear to differ insome respects from 
ordinary marling. On the thin soils immediately resting upon the 
chalk, experience has shown that repeated dressings of chalk recently 
dug up, may be applied with much benefit. To a stranger, also, it ap- 
pears singular that an admixture of that chalk which lies immediately 
beneath the soil is not productive of the same advantage. Even the 
chalk of an entire district is, in some cases, rejected by the farmer, 
and he will rather bring another variety from a considerable distance, 
than incur the less expense of laying on his land that which is met 
with on his own or on his neighbors’ farms. Thus the Suffolk farmers 
prefer the chalk of Kent to lay on their lands, and are at the cost of 
bringing it across the estuary of the Thames, though chalk rocks lie al- 
most everywhere around and beneath them. 

The cause of the diversities which thus present themselves in the 
practice of experienced agriculturists, partly at least, is to be sought for 
in the qualities of the different varieties of chalk employed. Careful 
analyses have not yet shown in what respects these chalks differ in che- 
mical constitution, and until this is ascertained we must remain in 


* Mr. Gawler, North Hampshire, states that a gravel thus stiffened, instead of 12 to 16 
bushels of wheat, yielded afterwards 24 to 30 bushels.— British Husbandry, i., p. 280. 


EFFECTS OF CHALK ON THE WOLDS. 8 


some measure in the dark, both as to the way in which a dressing of 
cbalk acts in improving a soil already rich in chalk, and why chalk 
from one locality should act so much more beneficially than another. 

With one thing, however, we are familiar, that the upper beds of 
chalk abound in flint, and where they form the surface support a thin 
and scanty herbage—while the under chalks are more tenacious and 
apparently more rich in clay, and support generally a soil which yields 
valuable crops of corn. An admixture of the lower, therefore, ought to 
improve the soils of the upper; and as the chalks of Kent consist of . 
these lower beds, we can understand why the practical farmer in Suf- 
folk should prefer them to the upper chalks of his own neighbourhood. 
Still we cannot, as yet, give the scientific reasons why the one chalk 
should be better than the other. A rigorous chemical analysis can 
alone determine with certainty why the one should produce a differ- 
ent effect from the other. ' 

Chalks may differ in the proportion of clay or of organic matter with 
which they are associated—in the quanuty of silica (the substance of 
flints) or of silicates they contain,—in the amount of magnesia or of 
phosphate of lime which can be detected in them—or of saline matter 
which a careful examination will discover,—and they may even differ 
physically in the fineness of the ultimate particles of which the sub- 
stance of the chalk is composed.* All such differences may modify 
the action of the several varieties in such a way as, when accurately 
investigated, to enable us to account for the remarkable preference 
manifested by practical men for the one over the other. Until such 
an investigation has been carefully made, it is unfair hastily to class 
among local prejudices what may prove to be the results of long prac- 
tical experience. S 

On the chalk Wolds of Lincolnshire and Yorkshire the practice of 
chalking even the thin soils is now comparatively old in date. The 
lowest chalks are there also much preferred,—they are laid on at the 
rate of 60 to 80 cubic yards per acre, and they cause a great improve- 
ment, especially upon the deep lands, as they are called, where the 
soil is deepest. Corn does not yield so well, nor ripen so early, on 
these deep soils, as where a thinner covering rests upon the chalk. It 
is naturally also unfit for barley or turnips, the latter plant being espe- 
cially infested with the disease called fingers and toes [British Hus- 
bandry, iii., p. 124] (Strickland). But a heavy chalking removes all 
the above defects of these deep soils, and for a long period of time. 
The corn ripens sooner, is larger in quantity, and better in quality, 
and the turnips grow perfectly free from disease. 

These, however, are to be regarded as only the usual effects of a large 
addition of lime to a soil in which previously little existed. It is a 
fact which will naturally strike you as remarkable, that soils which rest 
upon chalk, as well as upon other lime-stone rocks, even at the depth 
of a few inches only, are often, and especially when in a state of nature, 
so destitute of lime that not a particle can be detected in them. That 
lime in any form should benefit such soils is consistent with uniform 


* Ehrenberg has discovered that chalk is in a great measare composed of the skeletons, 
shells, or other exuvial (spoils) of marine microscopic animals. 
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experience. I shall presently have an opportunity of directing your 
attention to the two concurring causes by the joint operation of which 
lime is sooner or later wholly removed from the soil, even where, asin 
the Wolds, it rests immediately upon the chalk. 


§ 8. Is lime indispensable to the fertility of the soil? 

It is the result of universal experience wherever agriculture has been 
advanced to the state of an art, that the presence of lime is useful to 
the soil. 

Not only is this fact deduced from the result of innumerable applica- 
tions of this substance to lands of every quality, but it is established 
also by a consideration of the known chemical constitution of soils 
which are naturally possessed of unlike degrees of fertility. 

Thus sandy or siliceous soils are more or less barren if lime be ab- 
sent—while the addition of this substance in the form of marl or other- 
wise renders them susceptible of cultivation. So clay soils, in which 
no lime can be detected, are often at once changed in character by a 
sufficient liming. Felspar soils contain no lime, and they are barren— 
and the same is true of such as are derived immediately from the de- 
gradation of the serpentine rocks. 

Trap soils, on the other hand—such as are derived from decayed 
basalts or green-stones—are poor in proportion as felspar abounds in 
them. Where augites and zeolites are present in large proportion in 
the trap from which they are formed, the soils are rich, and may even 
be used as marl. The only difference in this latter case is, that lime is 
not deficient (Lec. XII., § 4),—and to this difference the greater fertility 
may fairly be ascribed. 

But let it be conceded that lime is useful to or benefits the soil in 
which it exists, you may still ask—is lime zndispensable to the soil ?— 
is it impossible for even an average fertility to be manifested where 
lime is entirely absent? 

There are two different considerations, from each of which we may 
deduce a more or less satisfactory answer to this question. 

1°, The result of all the analyses hitherto made of soils naturally 
fertile show that lime is universally present. ‘he per-centage of lime 
in a soil may be very small, yet it can always be detected when valua- 
ble and healthy crops will grow upon it. Thus the fertile soil of the 

Marsh lands in Holstein contains 0-2 per cent. of carbonate of lime. 

Salt marsh in East Friesland 0:6 ss o 

Rich pasture near Durham. 1°31 as as 

But though the per centage of lime in these cases appears small, the 
absolute quantity of lime present in the land is still large. Thus sup- 
pose the first of these soils, which contains the least, 10 be only six 
inches in depth, andeach cubic foot to weigh only 80 lbs.—it would 
contain about 3500 lbs. of carbonate of lime, upwards of a ton and a 
half, in every acre. And this lime would be inumately mixed with the 
whole soil, in which state it is always most effective initsoperation. It 
may also be inferred with safety, that if the upper six inches contained 
this proportion of lime, the under soil would probably be richer still, 
since lime tends not so much to diffuse itself through, as to sink down- 
wards into the soil. 
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2°. The results of all the chemical examinations hitherto made in 
regard to the nature of the inorganic matter contained in the sap and 
substance of plants indicate,—if not the absolute necessity of lime to the 
growth of plants,—at least that in nature all cultivated plants do ab- 
sorb it by their roots from the soil, and make use of it in some way in 
aid of their growth. In so far as our practice is concerned, this is very 
much the same as if we could prove lime to be absolutely indispensable. 

The ash of the leaf and bulb of the turnip or potatoe, of the grain 
and straw of our corn-bearing plants, and cf the stemsand seeds of our _ 
grasses, all contain lime whenever and wherever they are grown. And 
most of them attain high health and luxuriance only where lime is 
easily attained. 

Grant, then, that lime appears to be, perhaps virtually is, a necessary 
food of planis, without which their natural health cannot be maintained, 
nor functions discharged,—still the quantity which must be present in 
the soil to sapply this food is not necessarily large. Even in favor- 
able circumstances we have seen (Lec. X., § 3,) that the average crops 
during an entire rotation of four years may not carry off more than 250 
Ibs. of lime from the acre of land, a quantity which even the marsh 
soils of Holstein would be able to supply for half a century, could the 
roots teadily make their way into every part of the soil. 

Still we may safely hold, I think, that this quantity of lime at least 
is indispensable—if cultivated plants are to flourish and ripen. So 
much, at least, must in practice be every year added to cultivated land 
in one form or another, where the crops are in whole or in part carried 
off the land. Where it is not added either artificially or by some natu- 
ral process, infertility must gradually ensue. We shall presently see 
that lime has other functions to perform in the soil, and that there are 
natural causes in constant operation in our climate which render a 
larger addition than this desirable at least, if not indispensable to con- 
tinued fertility. 


§ 9. State of combination in which lime exists in the soil. 


This lime, which we have concluded to be an indispensable constitu- 
ent of fertile soils, may be present in several distinct states of combi- 
nation. 

1°. In that of chloride of calcitum.—T his compound, as we have al- 
ready seen (Lec. 1X., § 4,) is very soluble in water, and is not unfre- 
quently to be detected i in the sap, especially of the roots of plants. Its 
solubility, however, exposes it to be readily washed out of the soil by 
the rains, and perhaps for this reason it is not one of those forms of com- 
bination in which lime is recognised as a uniform or necessary consti- 
tuent of the soil. Its presence may be detected by boiling half a pound 
of the soil in distilled water, filtering and evaporating the solution to 
dryness. Ifthe dry mass become moist on exposure to the air, and if, 
after being dissolved in water, it give a white precipitate with oxalate 
of ammonia, and after being rendered sour by a few drops of nitric acid, 
a white precipitate again with nitrate of silver, it may be inferred to 
contain chloride of calcium. 

2°. In that of sulphate of lime or gypsum.—In this state also it is not 
a constant. and in a few cases only an abundant, constituent of the soil. 
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Its presence may be detected by the deposition of minute crystals on the 
sides of the vessel during the evaporation of the solution obtained by 
boiling the soil in distilled water. Or, its presence may be inferred if, 
after observing that oxalate of ammonia causes a precipitate in one 
small portion of the solution, it be found that nitrate of baryta also 
throws down a white precipitate from another small portion. 

3°. In the state of phosphate-—This compound is probably present, 
though always in small proportion, in every soil which is capable of 
raising a nutritious vegetation. It may be readily detected by treating 
500 grains of the dry soil for 12 hours with dilute muriatic acid, and oc- 
casionally stirring. If to the filtered solution caustic ammonia be add- 
ed, a brownish precipitate will usually fall. If this precipitate be se- 
parated, and treated with acetic acid (vinegar), it will all dissolve if no 
phosphoric acid be present. If this experiment be carefully performed, 
and a residue remain undissolved, the presence of Bhosphere acid in 
the solution, and of phosphate of lime in the soil, may be safely inferred. 

4°. In the state of silicate, lime rarely exists in the soil in any con- 
siderable quantity. It is chiefly in such as are derived from the decay 
of the trap rocks or of some varieties of granite (sienite), that silicate 
of lime is to be expected to occur. 

If, after being treated with dilute sulphuric acid, as above described, 

the soil be digested for some hours at a gentle heat with concentrated 
muriatic acid—a solution will be obtained from which ammonia will 
again throw down a brown precipitate. If oxalate of ammonia now 
cause a white precipitate of oxalate of lime, and if, on evaporating to 
dryness, the solution leave a portion of silica insoluble in acids, we may 
infer that the soil most probably contains some lime in the state of sili- 
cate. 
. 5°. In the state of carbonate, lime is generally supposed most usually 
to exist, and most abundantly in all soils. If on pouring dilute muri- 
atic acid upon a soil, a visible effervescence or escape of minute bubbles 
of gas manifest itself, or if, when the experiment is made in a tube 
closed at one end, and inverted over water or mercury, bubbles of gas 
collect in the upper end of the tube—the soil contains some carbonate. 
If after ammonia has been added to the solution, oxalate of ammonia 
throws down a white precipitate of oxalate of lime—the soil contains 
carbonate of lime. 

6°. In the state of humate.—In combination with humic acid (Lec. 
XIII., § 1,) lime exists most frequently in soils which abound in vege- 
table matter—in peaty soils, for example, to which quick-lime or marl 
of any kind has been added for the purpose of agricultural improve- 
ment. The presence of lime in the state of humate is only to be detect- 
ed by carefully determining the relative weights of the carbonic acid 
given off during the action of dilute muriatic acid upon the soil, and of 
the lime contained in the solution thus obtained, (see Appendix.) If for 
every 100 grains of carbonic acid there be more than 77°24 grains of 
lime, the remainder or excess has existed in the soil in combination with 
humic or some analogous organic acid.* 

* To such analogous acids belong the crenic and apocrenic acids (Lec. XU1I.,§1.) The 
existence of these acids in the soil is by no means problematical. According to Professor 


Hermann, of Moscow, they exist in the rich black soil (Tchornoj Zem.) of Little Russia, 
to the amount of 4 per cent. 
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Few investigations have as yet been made in regard to the proportion 
of lime which exists in the soil in the state of humate. It has gene- 
rally been taken for granted—either that a soil was destitute of lime if 
it exhibited no sensible effervescence with dilute muriatic acid,—or 
when further research was made, and the quantity of lime taken up by 
this acid rigorously determined, that the whole of this lime must have 
existed in the soil in tne state of carbonate. That this is not necessarily 
the case, however, appears to be proved by some recent examinations 
of certain soils in Normandy, which contain as much as 14 to 15 per 
cent. of lime, and yet exhibit no effervescence, and contain no carbo- 
nate. The whole of the lime is said to be in the state of humate. 

M. Dubuc, who has published the analyses of these soils, attributes 
much of their fertility to the presence of the humate of lime. Thus he 


says that the soils of 
Containing per cent. 


Of Carbonate. f Humate, * Yields of Wheat. 
Lieuvin, Neubourg, and Sistot, 0 18 to 20 12 to 15 fold. 
Pain HRs ee yey, 0 5 8to10 * 
Pievite: eat Pau eONy ah ead 0 8tol10 * 
Clay-of Guche. 2 ss. 0 = 1 4to 5 *# 


The first two yielding a wheat crop every second year, the third only at 
longer intervals. 

Whatever degree of influence on the fertility of the soil it may ap- 
pear proper to attribute to the existence of lime in the soil in the state 
of humate, it is manifestly of some importance that its presence in this 
state of combination should be more frequently and more carefully 
sought after. 

The only one of the above compounds which is usually added to the 
land, for the purpose of producing the ordinary effects of lime, is the 
carbonate. Gypsum is applied only in small quantity for certain spe- 
cial purposes, and does not always produce a sensible effect. It is in- 
capable, therefore, of performing those purposes in the soil which are 
served either by quick-lime or by the carbonate. The humate of lime 
is probably formed in our lime composts, especially when much vege- 
table matter is contained in them, and may thus be not unfrequently 
applied directly to the land. 


§ 10. Of the quantity of lime which ought to be added to the soil. 

The quantity of lime which ought to be added to the soil is dependent 
upoa so many circumstances, that it is impossible to state any general 
rule by which, in all cases, the practical man can safely regulate his 
procedure. : 

1°. To soils which contain no lime, or to which it is added for the 
first time, a larger dose must be given. 

We have seen that a certain minimum portion of lime is indispensa- 
ble to a productive soil. If we suppose this smallest quantity to be no 
greater than in the surface of the marsh lands of Holstein (p. 378)— 
then with a soil six inches in depth, which contains no lime, we ought 
to mix a ton and a half, say 40 bushels of slaked lime, and by succes- 
sive yearly additions to supply the annual waste. 

But to mix this feeble dose of lime intimately with the soil toa depth 
of six inches would obviously require an expenditure of labor which 
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the practical farmer could rarely afford. It would be greater economy, 
therefore, in most cases to add a dose several times larger, and this not 
only because the same amount of labor would diffuse it more general- 
ly through the whole soil, but because this larger liming would render 
less necessary the immedia dition of new supplies to repair the un- 
avoidable waste. we 

But there is reason to believe that the proportion of lime which the 
soil ought to contain, if it is to be successfully subjected to arable cul- 
ture, ought to be much larger than is above assumed as the smallest 
or minimum quantity. If we suppose one per cent. to be necessary, 
then eight tons of lime-shells, or upwards of 300 bushels of slaked lime, 
must be mixed with a soil six inches in depth, to impart to it this pro- 
portion—or half the quantity, if it be keptewithin three inches of the sur- 
face. Even a very large dose of lime, therefore, does not, if it be well 
mixed, materially alter the constitution of the soil. 

2°. But experience has proved that the quantity of lime which a 
skilful farmer will add to his land will vary with many other circum- 
stances besides the depth of his soil, and the proportion of lime it al- 
ready contains. ‘Thus— 

a. On clay lands more lime is necessary than on light and sandy 
soils. This may be partly ascribed to the physical effect of the lime 
in opening and loosening the stiff clay—but independent of this action 
the particles of lime are liable to be coated over and enveloped by the 
fine clay, and thus shut out from the access of the air. These parti- 
cles, therefore, must be more numerous in such a soil, if as many of 
them are to be exposed to the air as in lighter land, through which the 
atmospheric air continually permeates. 

b. On wet and marshy soils, a larger application still may be made 
with safety, and partly for the same reason. 

The moisture surrounding the lime shuts out the air, without the 
ready access of which lime cannot perform its importantfunctions. The 
same moisture tends to carry down the lime and lodge it more speedily 
in the subsoil. The continued evaporation also keeps such soils too 
cold (Lec. II., § 7), to allow the chemical changes, which lime in fa- 
vorable circumstances produces, to proceed with the requisite degree 
of rapidity. The soluble compounds which are formed as the conse- 
quence of these changes are, in wet and marshy soils, dissolved by the 
moisture, and so diluted as to enter in smaller quantity into the roots of 
plants. And lastly, in certain cases, new compounds of the lime with 
the earthy and stony matters of the soil are formed, which may either 
harden into visible lumps of mortar and cement, or into smaller parti- 
cles of indurated matter, in which the lime is no longer in such a state 
as to be able to act in an equal degree as an improver of the soil. 

In cold and wet clays, in which all these evil conditions occasionally 
meet, it is not surprising, therefore, that large doses of lime should 
sometimes have been added without producing any sensible benefit 
whatever. (‘* An instance is mentioned in the Nottingham Report of 
720 bushels having been laid on an acre of clod clay land without any 
benefit whatever.” — British Husbandry, i., p. 296.) 

c. Again, when the soil is also rich in vegetable matter, lime may 
be still more abundantly applied. Thus, when a field is at once wet 
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or marshy, and full of vegetable matter, as our peat bogs are, lime may 
be laid on more unsparingly than under any other circumstances. 
For in this case, besides the action of the access of water, as above ex- 
plained, the vegetable matter combines with and masks the ordinary 
action of a considerable quantity of the lime. By this combination, no 
part of the ultimate influence of the whole lime upon the soil is neces- 
sarily lost ; in most cases the immediate effect only is lessened, which 
the same quantity applied to other soils would have been seen to pro- 
duce. In favorable circumstances its action is retarded and prolonged, 
the compounds it forms with vegetable matter decomposing slowly, and, 
therefore, remaining long in the soil. 

To the exact chemical! constitution of the compounds thus formed, 
as soon as lime is mixed up with a soil rich in vegetable matter, and to 
the chemical changes which these compounds gradually undergo, it will 
be necessary to direct our attention when we come to study the theory 
of the action of lime, as an improver of the soil. 

d. Not only the natural depth of the soil, as already stated, but also 
the depth to which it is usually ploughed, and to which it is customary 
to. bury the lime, will materially affect the quantity which can be safely 
applied. A dose of lime which would materally injure a soil into 
which the plough rarely descends beyond two or three inches, might be 
too small an application where six or eight inches are usually turned 
over by the plough. When new soil, also, is to be brought up, which 
may be supposed to contain*no lime, orin which noxious substances are 
present, a heavier dose of lime must necessarily be laid upon the land. 

3°. Such are the circumstances in which large applications of lime 
may be usefully applied to the land. In soils of an opposite character, 
not only will smaller quantities of lime produce an equally beneficial 
effect, but serious injury would often be inflicted by spreading it too lav- 
ishly upon your fields. 

The more dry and shallow the soil, the more light and sandy, the 
less abundant in vegetable matter, the more naturally mild its locality, 
and the drier and warmer the climate in which it is situated—the less 
the quantity of lime which the prudent farmer will venture to mix with 
it. It is to the neglect of these natura] indications that the exhaustion 
and barrenness that have occasionally followed the application of lime 
are to be ascribed. It is only in rare cases, such as the presence of 
much noxious mineral matter in the soil, that these indications can be 
safely neglected. 


§11. Ought lime to be applied in large doses at distant intervals, or in 
smaller quantities more frequently repeated ? 


The quantity of lime which ought to be applied to the land must, as 
we haveseen, vary with its quality, and with the conditions in which it 
is placed. Hence the practice in this respect necessarily varies in every 
county and in almost every district. 

But a difference of opinion also prevails among practical men, as to 
whether that quantity of lime which land of a given kind may require 
ought to be applied in large doses at long intervals, or in small quantities 
frequently repeated. The indications of theory in reference to this point 
are clear and simple. 
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A certain proportion of lime is indispensable in our climate to the 
production of the greatest possible fertility. Let us suppose a soil to be 
wholly destitute of lime—the first step of the improver would be to add 
to this indispensable proportion. This would necessarily be a large 
quantity, and, therefore, to land limed for the first time theory indicates 
the propriety of adding a large dese. 

Every year, however, a certain variable proportion of the lime is re- 
moved from the soil by natural causes. ‘The effect of this removal in a 
few years becomes sensibly apparent in the diminished productiveness 
of the land. After the lapse of five or six years, during which it has 
been gradually mixing with the soil, the beneficial effects of the lime is 
generally the most striking—after this they gradually lessen, till at the 
end of a longer or shorter period, the land reverts to its original condition. 
To keep land in its best possible state, therefore, the natural waste ought 
from lime to time to be supplied by the addition of smaller doses of lime 
at shorter intervals. 

Such is obviously the most natural course of procedure, and he who 
farms his own estate, and has therefore no strong inducement to do oth- 
erwise, will, on the first breaking up of new land, give it a heavy 
liming, and whether he afterwards retain it in arable culture or lay it 
down to grass, will at intervals of 4 to 6 years give it a new dose of one- 
fourth to one-eighth of the original quantity. But local circumstances 
and customs interfere in many well-farmed districts with this most na- 
tural treatment of the soil. In the county of Roxburgh, for example, 
on entering upon his farm, which holds on a lease of 19 or 21 years, the 
tenant begins by liming that portion of his land which is in fallow, or 
in preparation for turnips, at the rate of 240 to 300 bushels of quick-lime 
per acre. A similar liming is given to the other portions as they come 
into fallow, so that at the end of his first rotation (4or 5 years) the whole 
of his land has been limed at the same rate. He now continues crop- 
ping for three or four rotations (14 to 16 years), when if he is sure of re- 
maining on his farm he begins to lime again with the same quantity as 
before. If he is to quit, however, he takes the best crops he can get, 
but incurs no further outlay in the addition of lime. His successor fol- 
lows the same course—begins by expending perhaps £1000 in lime, 
and before he leaves at the end of his lease, has, by continued cropping, 
brought back his land nearly to the same state in which he found it. 

In the district of Kyle and other parts of Ayrshire, again, lime is laid 
on—often when preparing for the wheat crop, either by ploughing in the 
second furrow, or by harrowing in with the seed—at the rate of 40 bush- 
els of shells an acre, and this dose is of course repeated every 4 or6 years, 
according to the length of the rotation. If we consider the probable dif- 
ference in the soil and climate, the proportion of lime added in the two 
districts does not materially differ. In Ayrshire from 8 to 10 bushels, and 
in Roxburgh from 10 to 12 bushels, are added for each year.* Inboth 
counties, however, many farms may be met within which the treatment 
of the land in this respect differs from that which is generally followed. 

" According to General Beatson (New System of Cultivation, 1820), upwards 100 bushels 
an acre, ata cost of £7. 16s., used to be applied to the clay Jands of Sussex—on the fallow, 
before wheat—every four years. This was 25 bushels per acre for each year. In such 


lands as these the saving in the article of lime alone, which would follow a jadicious drain- 
age, would be very great. 
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In Flanders a similar difference in the practice prevails in different 
districts. In some the land is limed only once in 12 years, in others 
every third, fourth, or sixth year, according to the length of the rotation. 
In the former case from 40 to 50 bushels are applied per acre, in the lat- 
ter {rom 10 to 12 bushels every third year. In both modesof procedure 
the quantity of lime applied by the year is nearly the same——between 
34 and 4 bushels per acre. These quantities are very much less than 
those employed in our island, but the soils are also greatly lighter, and 
the climate, as well as the general treatment of the land, very different. 

We may consider it, therefore, as a principle recognized or involved 
in the agricultural practice both of our own and of foreign countries, 
that nearly the same annual addition of lime oughtto be made to the 
Jand, whether it be applied at long intervals or at the recurrence of each 
rotation. There is, therefore, en the whole, no saving in the cost of lime, 
whichever method you adopt. A slight consideration of the subject, 
however, may satisfy us that there is a real diflerence in the compara- 
tive economy or profit of the two methods. 

Let us suppose two acres of the same clay land to be limed respec- 
uvely with 200 bushels each, and that the ene is cropped for twenty 
years afterwards without further liming, while the other at the end of 
every five years is dressed with an additional dose of 40 to 50 bushels. 
In both cases the land would have attained the most productive con- 
dition in five orsix years. Let us suppose that in this condition it pro- 
duced annually a crop of (or equivalent in nutritive value to) 30 bushels 
of wheat, and that on neither acre did a sensible diminution appear be- 
fore the end of ten years. Then during the second ten the crops would 
gradually lessen in the one acre, while, in consequence of the re- 
addition of the lime as it disappears, the amount of produce would re- 
main sensibly the same in the other acre. Suppose the produce of 
the former gradually to diminish from 30 to 20 bushels during these ten 
years,—or that while the one has continued to yield 30 bushels during 
the whole period, the other has, on an average, yielded only 25 bushels 
during the latter ten years. Ifnow the second large dose of 200 bushels 
be added to this latter acre, the cost of liming both will have become 
sensibly the same, but the amount of preduce or of profit from the two 
acres during the second ten years will stand thus— 

10 crops, of 30 bushels each, amount to 300 bushels. 

10 crops, of 25 bushels each, amount to 250 bushels. 

Difference in favour of frequent liming, 50 bushels per acre, 
or nearly two whole creps every lease of twenty years. 

Thus it appears 

1°. That, according to the practice of different countries, the quantity 
of lime which ought to be added, and consequently the cost of adding it, 
is very nearly the same, whether it be applied in larger doses at longer 
intervals, or in smaller doses more frequently repeated. 

2°. That, afler the first heavy liming, the frequent application of small 
doses is the more fiatura] method—and 

3°. That itis also the most economical or profitable method. 

It is possible that other considerations, such as the tenure by which 
your land is held, may appear sufficient to induce you to depart from 
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this method; but there seems every reason to believe that it will best 
reward those who feel themselves at liberty to follow the indications at 
once of sound theory and of enlightened practice. 

One thing, however, must be borne in mind by those who, in adopt- 
ing the best system of liming, do not wish both to injure their land and 
to meet with ultimate disappointment. Organic matter—in the form of 
farm-yard manure, of bone or rape dust, of green crops ploughed in, or 
of peat, and other composts—must be abundantly and systematically 
added, if at the end of 20 or 40 years the land in which the full supply 
of lime is kept up is to retain its original fertility. High farming is the 
most profitable—for the soil is ever grateful for skilful treatment—but 
he who farms high in the sense of keeping up the supply of lime, must 
also farm high in the sense of keeping up the supply of organie and 
other manures in the soil—otherwise present fertility and gain will be 
followed by future barrenness and loss. If this is not to be done, it 
were better to add lime at long intervals, since as the quantity of lime 
diminishes, the land begins to enjoy a little respite, and has had time in 
some measure to recover itself—the cropping in both instances being the 
same—before the new dose is laid upon its surface.* 


§ 12. Form and state of combination in which lime ought to be 
applied to the land. 

The form and state of combination in which lime ought to be applied 
to the land depend upon the nature of the soil, on the kind of cropping 
to which it is subjected, and on the special purpose which the lime is 
intended to effect. The soil may be heavy or light, in arable culture, 
or laid down to grass, and each of these conditions indicates a different 
mode of procedure in the application of lime. So the lime itself may 
be intended either to act more immediately or to be more permanent in 
its action—or it may be applied for the purpose of destroying unwhole- 
some herbage, of quickening inert vegetable matter, of generally sweet- 
ening the soil, or simply of adding to the land a substance which is in- 
dispensable to its fertility. The skilful agriculturist will modify the 
form and mode of application according as it is intended to serve one or 
other of these purposes. 

From the considerations already presented to you (§ 3) in regard to 
the changes which quick-lime undergoes in the air, it appears to be ex- 
pedient, 

1°. To slake lime quickly, and to apply it immediately upon clay, 
boggy, marshy, or peaty lands—upon such also as contain much inert 
or generally which abound in other forms of vegetable matter. 

2°. ‘To bents and heaths which it is desirable to extirpate, it should 
be applied in the same caustic state, or to unwholesome subsoils which 
contain much iron (sulphate of iron), as soon as they are turned up by 
the plough. In both these cases the unslaked lime-dust from the kilns 
might be laid on with advantage. 


* “Yn the neighbourhood of Taunton, in Somersetshire, and over all the soil of the new 
red sand-stone, the farmers lime their land every time it comes in course of fallow for tur- 
nips, and this produces excellent crops, even witlhiout dung.” —Morton on Soils, third edition, 
p. 181. The practical reader must not consider this custom of the Somersetshire farmers 
as at all at variance with what is stated inthe text; he must conclude, rather,—if the sen- 
tence here quoted is meant to apply that they lime their arable land so repeatedly, and yet 
add no organic manure—that they will, sooner or later, cease to boast of its fertility. 
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3°. Where it is to be spread over grass lands without destroying the 
herbage, it is in most cases safer to allow the lime to slake spontaneous- 
ly, and in the open air rather than in acovered pit. It is thus obtained 
in an exceedingly fine powder, which can be easily spread, and, while 
it is sutiiciently mild to leave the tender grasses unharmed, it contains 
a sufficient quantity of caustic lime (p. 368) to produce those chemical 
changes in the soil on which the efficacy of quick-lime depends. 

4°. Where lime is applied to the fallow, is ploughed in, well har- 
rowed or otherwise mixed with the soil, it is generally of little conse- 
quence in which of the above states it is laid on. The chief condition 
is, that it be in the state of a fine powder, and that it be well spread 
and intimately mixed with the soil. Before these operations are con- 
cluded the lime will be very nearly in the state of combination in 
which it exists in spontaneously slaked lime—whatever may have 
been the state of causticity in which it has been applied. 

You will understand that the above remarks apply only to localities 
where burned lime is usually or alone used for agricultural purposes. 
There may be localities where marl also exists, or shell or lime-stone 
sand, in greater or less abundance, and in such places it may be a ques- 
tion of some importance to determine which it would be better or more 
economical to apply. In such acase you may safely proceed upon 
the principle that the lime in the marls, &c., will ultimately produce 
precisely the same effects upon your land as the lime from the kiln, 
provided you lay on an equal quantity, and in an equally minute state 
of division. The effect will only be a little more slow, and the full 
fertility of the land a year or two longer in being brought out. You 
would therefore consider, 

1°, How niuch of the marl or sand must I add to be equal to a ton 
of lime-shells?) This will depend on the per-centage of lime which 
the marl contains. Suppose it tocontain 20 per cent., or one-fifth of its 
weight of lime, (not carbonate of lime, but of lime in the state in which 
it comes from the kiln, 100 lbs. of carbonate containing 56 Ibs. quick 
lime, p. 364,) then five tons of the marl will be equal to one ton of lime 
shells. But as the lime in the marls and sands is never in so minute 
a state of division as in the slaked lime, the same quantity of lime in 
the former cannot be so equally diffused through the soil as in the lat- 
ter state. An allowance must therefore be made on this account, and 
an additional quantity equal to one-fourth or one-fifth of the whole add- 
ed, for the purpose of equalizing the effect. 

2°. Which of the two, the quick-lime or its equivalent of marl, can 
I obtain and apply at the less cost? This will not be difficult to calcu- 
late, the proportion of lime contained in the marl being once ascertained. 

3°. This question of economy being decided, it is necessary to con- 
sider the kind and quantity of the earthy matter with which the lime 
in the marl is mixed. If it be a lime-sand or sandy marl, it may be un- 
fit to apply to light and sandy soils ; ifit be a stiff unctuous clay marl, it 
may only render stifler and more difficult to work the clay lands on 
which you may propose to spread it. In such cases as these, however 
economical the use of marls or lime-stone sands may be, the intelligent 
farmer will prefer the addition of quick-lime wherever it is readily ac- 
cessible. 
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Sussex is one of those districts in which the ancient use of marl has 
given place to the employment of burned lime, (Beatson,)—chiefly, I 
believe, from the nature of the local marl being less adapted to the stiff 
clay lands of that county. 


§ 13. Of the use ana advantage of the compost form. 


As there are many cases in which lime ought to be applied unmixed 
and in the caustic state, go there are others in*which it is best and most 
beneficially laid upon the land in a mild state and in the form of compost. 

1°. When lime is required only in small quantities, it can be more 
evenly spread when previously well mixed with from 3 to 8 times its 
bulk of soil. 

2°. On light, sandy, and gravelly soils, when of a dry character, un- 
mixed lime will bring up much cow-wheat (melampyrum) and red 
poppy. If they are moist soils, or if rainy weather ensue, the lime is 
apt to run into mortar, and thus to form ether an impervious subsoil, 
or lumps of a hard conglomerate, which are brought up by the plough, 
but do not readily yield their lime to the soil. These bad consequences 
are all avoided by adding the lime in the form of compost. 

3°. Applied to grass lands—unless the soil be stiff clay—or much 
coarse grass is to be extirpated,—itis generally better and safer to apply 
it in the compost form. The action of the lime on the tender herbage 
is by this means moderated, and its exhausting effect lessened upon 
soils which contain little vegetable matter. 

4°. In the compost form the same quantity of lime acts more imme- 
diately. While lying in a state of mixture, those chemical changes 
which lime either induces or promotes have already to a certain extent 
taken place, and thus the sensible effect of the limie becomes apparent 
in a shorter time after it has been laid upon the land. 

5°. This is still more distinctly the case when, besides earthy mat- 
ter, decayed oe substances, ditch scourings, ani other refuse, are 
mixed with the lime. The experience of every practical man has long 
proved how very much more enriching such composts are, and more 
obvious in their effects upon the soil, than the simple application of 
lime alone. 

6°. It is stated as the result of extended trial in landers and in parts 
of France, that a much smaller quantity of lime laid on in this form 
will produce an equaleffect. For this, one cause may be, that the rains 
are prevented from acting upon the mass of compost as they would do 
upon the open soil—in washing out either the lime itself or the saline 
substances which are produced during its contact with the earthy and 
ve: eetalie matter with which it is mixed. 

The older the compost the more fertilizing is its action. This 
fact i is of the same kind with that generally admitted in respect to the 
action of marls and unmixed lime—that it is more sensible in the se- 
cond year, or in the second rotation, than in the first. 

In conclusion, it may be stated that this form of application is especi- 
ally adapted to the lightest and driest soils, and to such as are poorestin 
vegetable matter. In this form, lime has imparted an unexpected ferulity 
even tothe white and barren sands of the Landes (Puvis,) and upon 
the dry hills of Derbyshire it has produced an almost-equal benefit. 
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§ 14. When ought lime to be applied ? 


This question may refer either,to the period in the lease, in the rota- 
tion, or of the year in which lime may most beneticially be laid upon 
the land. We have already considered this point in so far as it refers 
to the lease, while discussing the propriety of applying lime in large or 
small doses. 

In regard to the period of the year and of the rotation, there are three 
principles by which the procedure of the practical man ought chiefly to 
be directed. 

1°. That lime takes some time to produce its known effects upon the 
soil.—It ought, therefore, to be applied as long as possible before the 
crop is sown. That is, in the early autumn, where either winter or 
spring corn is about to be sown,—on the naked fallow where the land 
is allowed to be at rest for a year,—or on the grass fields before break- 
ing up, where the pasture is to be immediately succeeded by corn. 

2°. That quick-lime expels ammonia from decomposed and fermenting 
manure. 

When such manure, therefore, is applied to the land, as it is in all 
our well-farmed districts, quick-lime should not be so laid upon the 
land as to come into inimediate contact with it. If both must be ap- 
plied in the same year, they should be laid on at periods as distant from 
each other as may be convenient, or if this necessity does not exist, the 
lime should be spread either a year before or a year after the period in 
the rotation at which the manure is usually applied. 

It is for this reason, as well as for the other already stated, (1°.) that 
lime is applied to the naked fallow, to the grass before breaking up, or 
along with the winter wheat after a green crop which has been aided 
by fermented manure. When ploughed into the fallow, or spread upon 
the grass, it has had time to be almost completely converted into the 
mild state (that of carbonate.) before the manure is laid on. In this 
mild state it has no sensible effect in expelling the ammonia of decom- 
posing manure. Again, when it is applied in autumn along with, or 
immediately before the seed, the volatile or ammoniacal part of the 
manure has already been expended in nourishing the green crop, so that 
loss can rarely accrue from the admixture of the two at this period of 
the rotation. 

The excellent elementary work of Professor Lowe, (Elements of 
Practical Agriculture, third edition, p. 63,) contains the following re- 
mark :—‘‘ It is not opposed to theory that lime should be applied to the 
soil at the same time with dung and other animal and vegetable sub- 
stances, as is frequent in the practice of farmers.” This is strictly cor- 
rect only in regard to marls, lime-sand, &c., or to perfectly mild lime, 
any of which may be mixed, without loss, with manure in any state. 
Of quick or caustic lime it is correct only when the animal or vegetable 
matter has not yet begun to ferment. With recent animal or vegetable 
matter, quick-lime may be mixed up along with earth into a compost, 
not only without the risk of much loss, but with the prospect of mani- 
fest advantage. 

3°. That quick-lime hastens or revives the decomposition of inert or- 
ganie matlter.—This fact also indicates the propriety of allowing the 
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lime as much time as possible to operate before a crop is taken from 
land in which organic matter already abounds. Or where fermenting 
manure is added, it advises the farmer to wait till spontaneous decom- 
position becomes languid, when the addition of lime will bring it again 
into action and thus maintain a more equable fertility. 

In a work upon soils, which [| have frequently commended to your 
notice, (Morton ‘On Soils,” third edition, p. 181,) you will find the 
following observations :—** Writers on agriculture have stated that lime 
hastens the decay of vegetable matter, whereas the fact is, that it retards 
the process of the decomposition of vegetable matter. If straw or long 
dung be mixed with slaked lime, it will be preserved ; while if mixed 
with an equal portion of earth, the earth will hasten its decay.”” The 
two facts stated in this last sentence are, I believe, correct, yet it is 
nevertheless consistent both with theory and universal observation, that 
lime zm the soil promotes the decomposition of organic matters, both 
animal and vegetable. This will appear more clearly when we come 
to study the precise nature of the action of lime upon organic substan- 
ces in general. 

The above remarks, in regard to the best time for applying lime, re- 
fer chiefly to quick-lime, the state in which, in England, it is so exten- 
sively used. Marls and shell-sands ean cause no loss when mixed 
with the manure, and therefore may with safety be laid on at any pe- 
riod of the rotation. The same remark applies with greater force to the 
lime composts. These may be used precisely in the same way as, and 
even instead of, the richer manures—may be ltaid, without risk, upon 
grass lands of any quality, and at any period—or as a top dressing on 
the young corn in spring, when the grass and clover seeds are sown by 
which the eorn crop is to be succeeded. And as the compost acts 
more speedily than lime in any other form, it is especially adapted for 
immediate application to the crop it is intended to benefit. To wet 
jands also, itis well suited, and to such as are subject to much rain, by 
which, while the surface is naked, the soluble matters produeed in the 
soil are hkely to be very much washed away. 


§ 15. Of the effects produced by lime. 


The effects of pure lime upon the land, and upon vegetation, are ul- 
timately the same, whether it be laid on in a state of hydrate or of car- 
bonate. If different varieties produce unlike effects, the quantity of 
lime applied being the same, it is because in nature lime is always 
more or less mixed with other substances which are capable of modi- 
fying the effects which pure lime would alone produce. The special 
effects of marls, &c., when they differ from those of burned lime, are 
to be ascribed to the presence of such admixtures. In general, how- 
ever, the chemical action of the marls and calcareous sands is precisely 
the same in kind as that of lime in the burned and slaked state, and so 
far the effects which we have already seen to be produced by marls, 
(p. 374,) represent also the general effects of lime in any form. 

These general effects may be considered in reference to the land on 
which it is laid, and to the crops which are, or may be, made to grow 
upon it. 
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I.——-EFFECTS OF LIME UPON THE LAND. 


Pure lime, like the marls, produces both a mechanical and a chemi- 
cal eflect upon the soil. The former is constant with all varieties of 
tolerably pure lime, and is easily understood. It opens and renders treer 
such soils as are stiff and clayey, while it increases the porosity of such 
as are already light and sandy. ‘To the former its mechanical action is 
almost always favourable, to the latter not unfrequently the reverse. 

From its chemical action the benefits which follow the use of lime 
are chiefly derived. These benefits are principally the following :— 

1°. It creases the fertility of all soils in which lime does not already 
abound, and especially adds to the productiveness of such as are moist 
or contain much inert vegetable matter. 

2°. It enables the same soils to produce crops of a superior quality 
also. Land which, unlimed, will produce only a scanty crop, (3 or 4 
fold.) of rye, by the addition of lime alone, will yield a 6 or 7 fold re 
turn of wheat. From some clays, also, apparently unfit to grow corn 
it brings up luxuriant crops. 

3°. It increases the effect of a given application of manure; calls 
into action that which, having been previously added, appears to lie 
dormant ; and though, as we have already seen, (p. 386,) manure must 
be plentifully laid upon the land, after it has been well-limed, yet the 
same degree of productiveness can still be maintained at a less cost of 
manure than where no lime has been applied. 

4°. As a necessary result of these important changes, the money 
value and annual return of the land is increased, so that tracts of coun- 
try which had let with difficulty for 5s. an acre, have in many locali- 
ties been rendered worth 30s. or 40s. by the application of lime alone, 
(Sir J. Sinclair.) 

- U.—EFFECTS OF LIME ON THE PRODUCTIONS OF THE SOIL. 

1°. Lt alters the natural produce of the land, by killing some kinds 
of plants and favouring the growth of others, the seeds of which had 
before lain dormant. ‘Thus it destroys the plants which are natural to 
siliceous soils and to moist and marshy places. From the corn-field it 
extirpates the corn-marigold, (chrysanthemum segetum, [Bonninghau- 
sen,|) while, if added in excess, it encourages the red poppy, the yel- 
low cow-wheat, (melampyrum pratense,) and the yellow rattle, (rhinan- * 
thus crista galli,) and when it has sunk, favours the growth of the trou- 
blesome and deep-rooted coltsfoot. 

Similar elects are produced upon the natural grasses. It kills heath, 
moss, and sour and benty* (agrostis) grasses, and brings up a sweet 
and tender herbage, mixed with white and red clovers, more greedily 
eaten and more nourishing to the cattle. Indeed, all fodder, whether 
natural or artificial, is said to be sounder and more nourishing when 
grown upon land to which lime has been abundantly applied. On 
benty grass the richest animal manure ofien produces little iniprovement 
until a dressing of lime has been laid on. 


* In Liddisdale, on the Scottish border, is'a large tract of land in what is there called 
Jiying bent, not worth more than 3s. an acre. If surface-drained and limed at a cost of 
£5 to £3 an acre, this becomes worth 12s. an acre for sheep pasture. An intelligent and 
experienced border farmer assures me that such land would never forget 40 to 60 bushels 
of lime per acre. 


392 LIME IMPROVES THE QUALITY OF THE CROP. 


It is partly in consequence of the change which it thus produces in 
the nature of the herbage, that the application of quick-lime to old grass- 
lands, some time before breaking up, is found to be so useful a practice. 
The coarse grasses being destroyed, tough grass land is opened and 
softened, and is afterwards more easily worked, while, when turned 
over by the plough, the sod sconer decays and enriches the soil. It is 
another advantage of this practice, however, that the lime has time* to 
diffuse itself through the soil, and to induce some of those chemical 
changes by which the succeeding crops of corn are so greatly benefitted. 

2°, It improves the quality of almost every cultivated crop. ‘Thus, 
upon limed land, 

a. The grain of the corn crops has a thinner skin, is heavier, and 
yields more flour, while this flour is said also to be richer in gluten. 
On the other hand, these crops, after lime, run less to straw,,and are 
more seldom laid. In wet seasons, (in Ayrshire,) wheat preserves its 
healthy appearance, while on unlimed land, of equal quality, it is yel- 
low and sickly. A more marked improvement is said also to be pro- 
duced both in the quantity and in the quality of the spring-sown than of 
the winter-sown crops, (Puvis.) 

b. Potatoes grown upon all soils are more agreeable to the taste and 
more mealy after lime has been applied, and this is especially the ease 
on heavy and wet lands, which lie still undrained. ba 

ce. Turnips are often improved both in quantity and in quality whe 
it is laid on in preparing the ground for the seed. It is most efficient, 
and causes the greatest saving of farm-yard manure where it is applied 
in the compost form, and where the land is already rich in organic mat- 
ter of various kinds. 

d. Peas are grown more pleasant to the taste, and are said to be 
more easily boiled soft. Both beans and peas also yield more grain. 

e. Rape, after a half-liming and manuring, gives extraordinary erdps, 
and the same is the case with the eolsa, the seed of which is largely 
raised in France for the oil which it yields. 

f. On flax alone it is said to be injurious, diminishing the strength of 
the fibre of the stem. Hence, in Belgium, flax is not grown op limed 
land till seven years after the lime has been applied. 

3°. It hastens the maturity of the crop.—It is true of nearly all our 
cultivated crops, but especially of those of corn, that their full growth 
is attained more speedily when the land is limed, and that they are 
ready for the harvest from 10 to 14 daysearlier. This is the case even 
with buck-wheat, which becomes sooner ripe, though it yields no larger 
a return, when lime is applied to the land on which it is grown. 

4°, The liming of the land is the harbinger of health as well as of 
abundance. It salubrifies no less than it enriches the well cultivated 
district. I have already drawn your attention (p. 310) to this as one 
of the incidental results which follow the skilful introduction of the 
drain over large tracts of country. Where the use of lime and of the 
drain go together, it is difficult to say how much of the increased 
healthiness of the district is due to the one improvement, and how much 


* A comparatively long period is sometimes permitted to elapse before the grass land is 
broken up after liming. Thus at Netherby, “lime or compost is always applied to the 
third year’s pasture, which is renovated by it, and in two or three years breaks up admi- 
rably for oats.” 
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to the other. The lime arrests the noxious effluvia which tend to rise 
-more or less from every soil at certain seasons of the year, and decom- 
poses them or causes their elements to assume new forms of chemical 
combination, in which they no longer exert the same injurious influ- 
ence upon animal life. How beautiful a consequence of skilful agri- 
culture, that the health of the community should be promoted by the 
same methods which most largely increase the produce of the land! 
Can you doubt that the All-benevolent places this consequence so 
plainly before you, as a stimulus to further and more general improve- 
pt ie the application of other knowledge still tothe amelioration of 
the soil ? 


§ 16. Circumstances by which the effects of lime are modified. 


These effects of lime are modified by various circumstances. We 
have already seen that the quantity which must be applied to produce 
a given effect, and the form in which it will prove most advantageous, 
are, in a great measure, dependent upon the dryness of the soil, upon 
the quantity of vegetable matter it contains, and on its stiff or open tex- 
ture. There are several other circumstances, however, to which it is 
proper still to advert. Thus, 

1°. Its effects are greatest when well mixed with the soil, and kept 
near the surface within easy reach of the atmosphere. The reason of 
this will hereafter appear, 

2°, On arable soils of the same kind and quality, the effects are 
greatest upon such as are newly ploughed out, or upon subsoils just 
brought today. In the case of subsoils, this is owing partly to their 
containing naturally very little lime, and partly to the presence of nox- 
ious ingredients, which lime has the power of neutralizing. In the case 
of surface soils newly ploughed out, the greater effect, in addition to these 
two causes, is due also te the large amount of vegetable and other or- 
ganic matter which has gradually accumulated within them. It is the 
presence of this organic matter which has led to the establishment of 
the excellent practical rule—* that lime ought always to precede putres- 
cent. manures when old leys are broren up for cultivation.” 

3°. Its effects are greater on certain geological formations than on 
others. Thus it produces much effect on drifted (diluvial) sands and 
clays—on the soils of the plastic and wealden clays (Lec. XI., § 8)— 
on those of the new and old red sand-stones, of the granites, and of 
many slate-rocks—and, generally, on the soils formed from all rocks 
which contain little lime, or from which the lime may have been washed 
out during their gradual degradation. 

On the other hand, it is often applied in vain to the soils of the oolites 
(Lec. XI., § 8), and other calcareous formations, because of the abund- 
ance of lime already present in them. The advantage derived from 
chalking thin clay soils resting immediately upon the chalk rock (Lec. 
XI., § 8, and page 376), is explained by the almost entire absence ot 
lime from these soils. The clay covering of the chalk wolds has pro- 
bably been formed, not from the ruins of the chalk rock itself, but 
from the deposit of muddy waters, which rested upon it for some time 
before those localities became dry land. 

4°, Lime produces a greater proportional improvement upon poor soils 

17* 
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than on-such as are richer (Dr. Anderson.) This is also easily under- 
stood, Jt is of poor soils in their natural state of which Dr. Anderson - 

speaks.* In this state they contain a greater or less quantity of organic 
matter, but are nearly destitute of lime, and hence are in the most favour- 
able condition for being benefitted by a copious liming. Experience 
has proved that by this one operation such land may be raised in money 
value eight times, or from 5s. to 40s. per acre; but no practical man 
would expect that arable land already worth £2 per acre, could, by 
liming or any other single operation, become worth £16 per acre of an- 
nual rent. ‘The greater proportional improvement produced upon poor 
lands by lime is only an illustration, therefore, of the general truth— 
that on poor soils the efforts of the skilful improver are always crowned 
with the earliest and most apparent success. 

5°. In certain cases, the addition of lime, even to land in good culti- 
vation, and according to the ordinary and approved practice of the district, 
produces no effect whatever. This is sometimes observed where the 
custom prevails, as in some parts of Ayrshire and elsewhere, to apply 
lime along with every wheat crop (p. 384,) and oa such farms especially 
where the land is of a lighter quality. Where from 40 to 60 bushels 
of lime are added at the end of each rotation of 4 or 5 years, the land 
may soon become so saturated with lime that a fresh addition will pro- 
duce no sensible effect. Thus Mr. Campbell, of Craigie, informs me 
of a trial made by an intelligent farmer in his neighbourhood, where al- 
ternate ridges only were limed without any sensible difference being ob- 
served. No result could show more clearly than this—that for one ro- 
tation at least the expense of lime might be saved, while at the same time 
the land would run the less risk of exhaustion. Another fact mentioned 
by Mr. Campbell proves the soundness of this conclusion. The lime 
never fails to produce obvious benefit where the land is allowed to be 4 
or 5 years in grass—where it is applied, that is, only once in 8 or 9 
years. The fair inference is, therefore, that in this district as well as 
in others where similar effects are observed, too much lime is habitually 
added to the land, whereby not only is a needless expense incurred, but 
a speedier exhaustion of the soil isinsured. Good husbandry, therefore, 
indicates either the application of a smaller dose at the recurrence of the 
wheat crop—or the occasional omission of lime altogether for an entire 
rotation. The practical farmer cannot have a better mode of ascer- 
taining when his land is thus fully supplied with lime—than by mak- 
ing the trial upon alternate ridges, and marking the effect. 

6°. On poor arable lands, which are not naturally so, but which are 
worn out or exhausted by repeated liming and cropping, lime produces 
no good whatevert (Anderson, Brown, Morton. ) Such ‘soils, if they do 
not already abound in lime, are, at least, equally destitute of numerous 
other kinds of food, organic and inorganic, by which healthy plants are 
nourished,—and they are only to be restored to a fertile condition bya 


* “T never met,’’ he says, ‘‘ with a poor soil in its natwral siate, which was not benefitred 
in avery vreat degree by calcareous matter when administered in proper quantities. But 
I have met with several rich soils, which are fully impregnated with dung, on which lime 
applied in any quantity produced not the smallest sensible effect.” 

+ “Jtis scarcely practicable to restore fertility to land, even of the best natural quality, 
which has been thus abused 3 and thin moorish soils, after being exhausted by lime, are 
not to be restored.”’ (Brown.) 
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judicious admixture of all. This truth is confirmed by the practical 
observation, that on soils so exhausted farm-yard manure along with 
the lime does not produce the same good results as in other cases. All 
that the soil requires is not supplied in sufficient abundance by these 
two substances laid on alone. 

7°. On lands of this kind, and on all in which vegetable matter is 
wanting, lime may even do harm to the immediate crop. It is apt to 
singe or burn the corn sown upon them (Brown)—an effect which is 
probably chemical, but which may in part be owing to its rendering 
more open and friable soils already, by long arable culture, too open. 
( Morton.) 

8°. A consideration of the circumstances above adverted to explains 
why, in some districts, and even in some whole provinces, the use of 
lime in any form should be condemned and even entirely given up. 
The soil has been impoverished through its unskilful application—or, 
by large admixtures of lime or mar! for a series of years, the soil has 
been so changed as to vield no adequate return for new additions. Thus 
for a generation or two the practices of liming and marling are abandoned, 
to be slowly and reluctantly resumed again, when natural causes have 
removed the lime from the soil, and produced an accumulation of those 
other substances which, when associated with it, contribute to the pro- 
ductiveness of the land. 


§ 17. Effects of an overdose of lime. 


There are several] effects which are familiar to the practical man as 
more or less observable when lime in any form is laid too lavishly upon 
the land. Thus 

1°. It is rendered so loose by an overdose as to be capable of hold- 
ing no water (Kames). Upon stiff clays a very large quantity indeed 
will be required to produce this effect. 

2°. By an overdose of quick-lime the land is hardened to sucha degree 
as to be impervious to water or to the roots of plants. Several parts of 
the Carse of Gowrie are thus rendered so hard as to be unfit for vegeta- 
tion—(Lord Kames’ Gentleman Farmer, edit. 1802). This effect will 
be observed only in soils which are naturally wet and undrained, or 
where much rain has fallen and lingered on the land after the lime 
has been applied (p. 388). 

3°. But the most injurious effect of an over-liming, whether it be 
laid on at one or at successive periods, is the exhaustion by which it is 
succeeded. ‘* An overdose ofshell-marl,” says Lord Kames, ‘laid per- 
haps an inch thick, produces for a time large crops, but at last renders 
the soil capable of bearing neither corn nor grass, of which there are 
many examples in Scotland.” The same is true of lime in any form. 
The increased fertility continues as long as there remains an adequate 
supply of organic (animal and vegetable) matter in the soil, but as that 
disappears the crops every year diminish both in quantity and in quality. 

An interesting illustration of this exhausting power of lime is afforded 
by the observed effects of Jong-continued marling upon certain poor soils 
in the province of Isere,in France. The mar] there employed is a 
sandy marl, containing from 30 to 60 per cent. of carbonate of lime— 
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very much like the lime-sand of Ireland or the shell-sand of the West- 
ern Islands already described (p. 371). A layer of this marl one-third 
of an inch thick, applied at intervals to a soil producing in its natural 
state only a three-fold return of rye every other year, causes it to yield 
for the first 10 or 12 years an eightfold return of wheat. Butafter 40 
years’ marling, the farmers now complain that the land will give only a 
four-fold return of wheat. But the cause of this reduction is to be 
found in the constant cropping with corn, in the growing of no green 
crops, and in the addition of no manure. Yet even with this treat- 
ment the land is still more productive than before the marling was com- 
menced. It produces four returns instead of three, and it grows wheat 
where before only rye would thrive and ripen. 

From the possession of this exhausting property has arisen the al- 
most universally diffused proverb, that lime enriches the fathers but 
impoverishes the sons. The fault, however, is not in the lime, but in 
the improvident fathers, who in this case, as in so many others, exhaust 
and inconsiderately squander the inheritance of their sons. If care 
be taken to keep up the supply of organic matter in the soil—by copi- 
ous additions of manure or otherwise (p. 380)—lime may be added 
freely and a system of high farming kept up, by which both the pres- 
ent holder of the land and his successors will be equally benefitted. 

The opinion expressed by some of the highest authorities among 
practical men, that too much lime cannot be added, provided the soil 
abound sufficiently in vegetable matter, may perhaps be rather over- 
stated ; but it undoubtedly embodies the result of long-continued gen- 
eral observation—that the exhausting effect of lime may be postponed 
indefinitely by a liberal management of the land.* 


§ 18. Length of time during which lime acts. 


It is the fate of nearly all the superficial improvements of the soil, 
that they are only temporary in their duration. The action of lime 
ceases after a time, and the land returns to its original condition. The 
length of time which must elapse before this takes place will depend, 
among other circumstances, upon the quantity of lime added to, or ori- 
ginally contained in, the scil—upon the kind of cropping to which it is 
subjected—on the nature of the soil itself—on the slope and exposure 
and natural moisture of the land, and on the climate in which it is 
situated. 

We have seen that on the arable lands of the south of Scotland 20 
ears is the longest period during which the doses there applied act 
eneficially upon the crops—while in other parts of the country re- 

newed applications are considered necessary at much shorter intervals. 
Mr. Dawson, of Frogden, who introduced the practice of liming into the 
Border counties of Scotland, observed that, when harrowed in with the 
grass seeds, its effect in improving the subsequent pasture was sensible 
for 30 years after. A heavy marling or chalking* in the southern and 
* In Germany the necessary union of manure and mar! is in the mouth of every peasant— 


Obne mist 
Ist das Geld fiir mergeln verquist. 


} Applied at a cost of 30s. io 50s. per acre, according to the locality—Mr. Puse ad 
Agricultural Journal, iii., p. 185, E ; - ‘ ne 
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Midland counties of England is said also to last for 30 years, and the 

same period is assigned to the sensible effect of the ordinary doses of 

Sate in Ireland, and of shell-sands and marls in several parts of 
rance. 

The effect of the lime lessens gradually, and though at the end of an 
assignable number of years it becomes almost insensible, yet it does not 
altogether cease tilla much later period. This period is in some cases 
so protracted that intelligent practical men are in many districts to be 
met with who believe—that certain grass lands would never forget a 
good dose of lime (p. 391, note). 


§ 19. Of the sinking of lime into the soil. 


One of the causes of this gradual diminution of the action of lime is to 
be found in the singular property it possesses of slowly sinking into the 
land, until it almost entirely disappears from the surface soil. It has 
been long familiar to practical men, that when grass lands, which have 
been limed on the sward, are after a time broken up, a white layer or 
band of lime is seen at a greater or less depth beneath the surface, but 
lodging, generally, where it has attained its greatest depth between the 
upper, loose and fertile, and the lower, more or less impervious and un- 
productive soil. In arable lands the action of the plough counteracts 
thiis tendency in some measure, bringing up the lime again from be- 
neath, and keeping it mixed with the surface mould. Yet, through 
ploughed land it sinks at length, especially where the ploughing is 
shallow, and even the industry of the gardener can scarcely prevent it 
from descending beyond the reach of his spade. 

The chief cause of this sinking is to be found in the extreme minute- 
ness of the particles into which slaked lime naturally falls. If a por- 
tion of slaked lime be mixed with water it forms a milky mixture, in 
which some lime is dissolved, but much more is held in suspension in 
an extremely divided state. When this milk is allowed to stand undis- 
turbed, the fine particles subside very slowly, and are easily again dis- 
turbed, but ifthrown upon a filter they are arrested immediately, and 
the lime-water passes through clear. Suppose these fine particles to 
be mixed with the soil, and the rain to fall upon them, it will carry 
them downwards through the pores of the soil till the close subsoil acts 
the part ofa filter, and arrests them. This tendency to be washed 
down is common not only to lime, but to all minutely divided earthy 
matter of a sufficiently incoherent nature. Hence the formation of that 
more or less impervious layer of finely divided matter which so often 
forms the subsoil beneath free and open surface soils. And that lime 
should appear alone or chiefly to sink on any cultivated field, may arise 
from this circumstance—that the continued action of the rains had long 
before carried downwards the finer incoherent particles of other kinds 
which existed naturally in the soil, and therefore could find little else 
but the lime on which this action could be exercised. 

This explanation is satisfactory enough in the case of light and open 
soils, which are full of pores, but it appears less so in regard to stiff 
clays and to loamy soils, which are not only close and apparently void 
of pores, but seem themselves to consist of particles in a sufficiently 
minute state of division to admit of their being carried down by the 
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rains in an equal degree with lime itself. This difficulty induced Lord 
Dundonald to suspect the agency of some chemical principle in produ- 
cing the above effect.* As the lime, however, is unchanged after it has 
descended, is still in a powdery state, and exhibits no appearance of 
having been dissolved, it is difficult to imagine any chemical action by 
which such a sinking could have been brought about. 

It is possible that in grass lands the earth-worms, which contribute so 
much to the gradual production of a fine mould, may, by bringing up 
the other earthy matters only, contribute to the apparent sinking of the 
lime, as well as of certain other top-dressings.t 

The effects of this sinking are to remove the lime from the surface 
soil, and to form a layer of caleareous matter which in wet or imper- 
vious bottoms will harden and form a more or less solid bed or pan, 
through which the rains and roots refuse to penetrate, and which the 
subsoil plough in some districts can tear up with difficulty. On our 
stiffer soils it encourages the growth of the troublesome coltsfoot, and in 
the open ditches of the wholesome water-cress. 

The practical remedies for this sinking are of two kinds: 

1°. The ploughing of a deeper furrow, and hence one of the benefits 
which in many localities follow the use of the trench plough (p. 322). 

2°. The sowing of deep-rooted and lime-loving crops, such as lucerne 
and sainfoin, which in such soils not only thrive, but bring up in their 
stems, and restore to the surface, a portion of the lime which had pre- 
viously descended, and thus make it available to the after-crops. 


§ 20. Why liming must be repeated. 


Lime which sinks, as above described, does not wholly escape from 
the soil, but may by judicious management be again brought to the 
surface. Suchasinking, therefore, does not necessarily call for the ad- 
dition ofa fresh dose of lime, nor does it explain the reason why in prac- 
tice the application of lime to the land must at certain intervals be every 
where repeated. , 

We have already seen that the influence of the lime we have laid 
upon our fields after a time gradually diminishes—the grass becomes 
sensibly less rich year by year, the crops of corn less abundant, the kind 
of grain it will ripen less valuable. Does the lime, you might ask, ac- 
tuaily disappear from the soil, or does it merely cease to act? This 
question has been most distinctly answered by an experiment of Lam- 
padius. He mingled lime with the soil of a piece of ground till it was 
in the proportion of 1-19 per cent. of the whole, and he determined sub- 
sequently, by analysis, the quantity of lime it contained in each of the 
three succeeding years. 

The first year itcontained . 1-19 per cent. carbonate of lime. 


The second year ... . 0-89 ue « 
The third year. ........» .» 0:52 us Md 
fhe fourth year ».4a) 4% «Lane u Gt 


* “Tn clayey and loamy soils, which are (?) equally diffusible with lime, and nearly of the 
sime specific gravity, the tendency which lime has to sink cannot be accounted for simply 
on mechanical principles ”’—Lord Dundonald’s Agricultural Chemistry, p. 45. 

+ See in a subsequent lecture the remarks on loying down to grass; also the Author’s 
Elements of Agricultural Chemistry, p. 212. 

i Schiibler, Agricutaural Chemie, ii, p. 141. 
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_ There can be no question, therefore, that the lime gradually disappears 
or is removed from the soil. 

The agencies by which this removal is effected are of several kinds. 

1°. In some cases it sinks, as we have already seen, and escapes into 
the subsoil beyond the reach of the plough or of the roots of our culti- 
vated crops. 

2°. A considerable quantity of lime is annually removed from the 
soil by the crops which are reaped from it. We have already seen 
(Lec. X., § 4,) that ina four years’ rotation of alternate green and corn 
crops the quantity of lime contained in the average produce of good 
land amounts to 248 Ibs. This is equal to 60 Ibs. of quick-lime or 
107 Ibs. of carbonate of lime every year. The whole of ihis, however, 
is not usually lost to the land. Part at least is restored to it in the ma- 
nure into which a large proportion of the produce is usually converted. 
Yet a considerable quantity is always lost—escaping chiefly in the 
liquid manure and in the drainings of the dung-heaps—and this loss 
must be repaired by the renewed addition of lime to the land. 

3°. But the rains and natural springs of water percolating through 
the soil remove, in general, a still greater proportion. While in the 
quick or caustic state, lime is soluble in pure water. Seven hundred 
and fifty pounds of water will dissolve about one pound of lime. The 
rains that fall, therefore, cannot fail, as they sink through the soil, to 
dissolve and carry away a portion of the lime so long as it remains in 
the caustic state. 

Again, quick-lime, when mixed with the soil, speedily attracts car- 
bonic acid, and becomes, after a time, converted into carbonate, which 
is nearly insoluble in pure water. But this carbonate, as we have, 
already seen (Lec. IE., § 1), is soluble in water impregnated with car- 
bonic acid—and as the drops of rain in falling absorb this acid from the 
air, they become capable, when they reach the soil, of dissolving an 
appreciable quantity of the finely divided carbonate which they meet 
Wilh upon our cultivated lands. Hence the water that flows from 
the drains upon such lands is always impregnated with lime, and 
sometimes to so great a degree as to form calcareous deposits in the in- 
terior of the drains themselves, where the fall is so gentle as to allow the 
water to linger a sufficient length of time in the soil. 

It is impossible to estimate the quantity of lime which this dissolving 
action of the rains must gradually remove. It will vary with the 
amount of rain which falls in each locality, and with the slope or inclina- 
tion of the land ; but the cause is at once universal and constantly oper- 
ating, and would alone, therefore, render necessary, after the lapse of 
years, the application of new doses of lime both to our pastures and to 
our arable fields. 

4°. During the decay of vegetable matter, and the decomposition of 
mineral compounds, which take place in the soil where lime is present, 
new combinations are formed in variable quantities which are more so- 
luble than the carbonate, and which therefore hasten and facilitate this 
washing out of the lime by the action of the rains. Thus chloride of 
calcium, nitrate of lime, and gypsum, are al! produced—of which the 
two former are eminently soluble in water—while organic acids also re- 
sult from the decay of the organic matter, with some of which the lime 
forms readily soluble compounds (salts) easily removed by water. 
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The ultimate resolution of all vegetable matter in the soil into carbo- 
nic acid and water (Lec. VIII., § 3,) likewise aids the removal of the 
lime. For if the soil be everywhere impregnated with carbonic acid, 
the rain and spring waters that flow through it will also become charg- 
ed with this gas, and thus be enabled to dissolve a larger portion of the 
carbonate of lime than they could otherwise do. ‘Thus theory indi- 
cates, what I believe experience confirms, that a given quantity of lime 
will disappear the sooner from a field, the more abundant the animal 
and vegetable matter it contains. 


§21. Theory of the action of lime. 


Lime acts in two ways upon the soil. It produces a mechanical al- 
teration which is simple and easily understood, and is the cause of a 
series of chemical changes, which are really obscure, and are as yet 
susceptible of only partial explanation. 

In the finely divided state of quick-lime, of slaked lime, or of soft 
and crumbling chalk, it stiffens very loose soils, and opens the stiffer 
clays,—while in the form of limestone gravel or of shell-sand, it may 
be employed either for opening a clay soil or for giving body and firm- 
ness to boggy land. These effects, and their explanation, are so obvi- 
ous to you, that it is unnecessary to dwell upon them. 

The purposes served by lime as a chemical constituent of the soil are 
at least of four distinet kinds. 

1°. It supplies a kind of inorganic food which appears to be necessa- 
ry to the healthy growth of all our cultivated plants. 

2°. It neutralizes acid substances which are naturally formed in the 
soil, and decomposes or renders harmless other noxicus compounds 
which are not unfrequently within reach of the roots of plants. 

3°. It changes the inert vegetable matter in the soil, so as gradual- 
ly to render it useful to vegetation. 

4°, It causes, facilitates, or enables other useful compounds, both 
organic and inorganic, to be produced in the soil,—or so promotes 
the decomposition of existing compounds as to prepare them more 
speedily for entering into the circulation of plants. 

These several modes of action it will be necessary to illustrate in 
some detail. 


§ 22. Of lime as the food of plants. 


In considering the chemical nature of the ash of plants (Lec. X., 
§ 3. and 4), we have seen that lime in all cases forms a considerable 
proportion of its whole weight. Hence the reason why lime is re- 
garded as a necessary food of plants, and hence also one cause of its 
beneficial influence in general agricultural practice. 

The quantity of pure lime contained in the crops produced upon one 
acre during a four years’ rotation amounts, on an average, to 242 lbs. 
which are equal to about 430 lbs. (say 4 ewt. ) of carbonate of lime, in 
the state of marl, shell-sand, or lime-stone gravel. (See Lec. X., § 3.) 
It is obvious, therefore, that one cf the most intelligible purposes served 
by lime, as a chemical constituent of the soil, is to supply this compara- 
tively large quantity of lime, which in some form or other must enter 
into the roots of plants, 
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But the different erops which we grow contain lime in unlike propor- 
tions. ‘Thus the average produce of an acre of land under the follow- 
ing crops contains of lime— 


Grain or roots. Straw or tops. Total. 
Wheat, 25 bushels,. . . 1:5 U2 8-7 lbs. 
Barley, 38 bushels, . . . 2:1 12:9 15:0 lbs. 
Oats, 50 bushels,. . . . 2:5 57 8-2 Ibs. 
Turnips, 25 tons,. . . . 458 93:0 138°8 lbs. 
Potatoes, 9 tons, . .. . 66 259°4 266-0 lbs. 
Red clover,2 tons, . . . — 126-0 126-0 lbs. 
Rye grass, 2 tons, . . . — 33°0 33:0 lbs. 


These quantities are not constant, and wheat especially contains 
much more lime than is above stated, when it is grown upon land to 
which lime has been copiously applied. But the very different quanti- 
ties contained in the several crops, as above exhibited, shew that one 
reason why lime favours the growth of some crops more than others is, 
that some actually take up a larger quantity of lime as food. These 
crops, therefore, require the presence of lime in greater proportion in the 
soil, in order that they may be able to obtain it so readily that no delay 
may occur in the performance of those functions or in the growth of those 
parts to which lime is indispensable. 


§ 23. The chemical action of lime is exerted cuinrLy upon the organic 
matter of the soil. 


There are four circumstances of great practical importance in regard 
to the action of lime, which cannot be too carefully considered in refe- 
rence also to the theory of its operation. ‘These are— 

1°. That lime has little or no effect upon scils in which organic mat- 
ter is deficient. 

2°. That its apparent effect is inconsiderable during the first year 
after its application, compared with that which it produces in the second 
and third years. 

3°. That its effect is most sensible when it is kept near the surface of 
the soil, and gradually becomes less as it sinks towards the subsoil. 
And, 

4°, That under the influence of lime the organic matter of the soil 
disappears more rapidly than it otherwise would do, and that after it 
- thus disappeared fresh additions of lime produce no further good 
effect. 

It is obvious from these facts, that 72 general the main beneficial pur- 
pose served by lime is to be sought for in the nature of its chemical ac- 
tion upon the organic matter of the soil—an action which takes place 
slowly, which is hastened by the access of air, and which causes the 
organic matter itself ultimately to disappear. 


§ 24. Of the forms in which organic matter usually exists in the soil, 
and circumstances under which its decomposition may take place. 


I.—The organic matter which lime thus causes to disappear is pre- 
sented to it in one or other of five different forms: 

_ 1°. In that of recent, often green, moist, and undecomposed roots, 

leaves, and stems of plants. 
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2°. In that of dry, and still undecomposed, vegetable matter, such 
as straw. 

3°. In a more or less decayed or decaying state, generally black or 
brown in colour—and often in some degree soluble in water. 

4°. In what is called the ineré state, when spontaneous decay ceases 
to be sensibly observed. And 

5°. In the state of chemical combination with the earthy substances 
—with the alumina for example, and with the lime or magnesia—al- 
ready existing in the soil. 

Upon these several varieties of organic matter lime acts with differ- 
ent degrees of rapidity. 

{I.—The final result of the decomposition of these several forms of 
organic matter, when they contain no nitrogen, is their conversion into 
carbonic acid and water only (Lec. VIIL, §3). They pass, however, 
through several intermediate stages before they reach this point—the 
number and rapidity of which, and the kind of changes they undergo 
at each stage, depend upon the circumstances under which the decom- 
position is eflected. Thus the substance may decompose— 

1°. Alone, in which case the changes that occur proceed slowly, and 
arise solely from a new arrangement of its own particles. This kind of 
decomposition rarely occurs to any extent in the soil. 

2°, In the presence of water only.—This also seldom takes place in 
the soil. Trees long buried in moist clays impervious to air exhibit the 
kind of slow alteration which results from the presence of water alone. 
In the bottoms of lakes, ditches, and boggy places also, from which in- 
flammable gases arise, water is the principal cause of the more rapid 
decomposition. 

3°. In the presence of air only.—In nature organic matter is never 
placed in this condition, the air of our atmosphere being always largely 
mixed with moisture. In dry air decomposition is exceedingly siow, 
and the changes which dry organic substances undergo in it are often 
scarcely perceptible. 

4°. In the presence of both water and air.—This is the almost uni- 
versal condition of the organic matter in our fields and farm-yards. 
The joint action of air and water, and the tendency ofthe elements of 
the organic matter to enter into new combinations, cause new chem- 
ical changes to succeed each other with much rapidity. It will of 
course be understood that moderate warmth is necessary to the pro- 
duction of these effects.* 

5°. Inthe presence of lime, or of some other alkaline substance (pot- 
ash, soda, or magnesia).—Organic matter is often found in the soil in 
such a state that the conjoined action of both air and water are unable 
to hasten on its decomposition. A new chemical agency must then be 


* A familiar illustration of the conjoined efficacy of air and water in producing oxidation is 
exhibited in their action upon iron. Ifa piece of polished iron be kept in perfectly dry air 
it will not rust. Or if it be completely covered over with pure water in a well-stoppered 
bottle, from which air is excluded, it will remain bright anduntarnished. But if a polished 
rod of iron be put into an open vessel half full of water, so that one part of its length only 
is under water—then the rod will begin very soon to rust at the surface of the water, anda 
brown ochrey ring of oxide will form around it, exactly where the air and water meet. 
From this point the rust will gradually spread upwards and downwards. So it is with the 
organic matter of the soil. Wherever the air and water meet, their decomposing action 
upon it, in ordinary temperatures, soon becomes perceptible. 
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introduced, by which the elements of the organic matter may again be 
set in motion. Lime is the agent which for this purpose is most large- 
ly employed in practical agriculture. 


§ 25. General action of alkaline substances upon organic matter. 


It is this action of alkaline matters upon the organic substances of the 
soil in the presence of air and water that we are principally to investigate. 

When organic matter undergoes decay in the presence of air and 
water only, it first rots, as it is called, and blackens, giving off water 
or its elements chiefly, and forming Awmus—a mixture of humic, ulmic, 
and some other acids, (Lec. XIII., §1,) with decaying vegetable fibre. 
It then commences, at the expense of the oxygen of the air and of 
water, to form other more soluble acids (malic, acetic, lactic, crenic, 
mudesic, &c.,) among which is a portion of carbonic—and, by the aid 
of the hydrogen of the water which it decomposes, one or more of 
the many compounds of carbon and hydrogen, which often rise up, 
as the marsh-gas does, and escape into the air, (Lec. VIII, § 3.) 

Thus there isa tendency towards the accumulation of acid substances 
of vegetable origin in the soil, and this is more especially the case when 
the soil is moist, and where much vegetable matter abounds. The effect 
of this super-abundance of acid matter is, on the one hand, to arrest the 
further natural decay of the organic matter, and, on the other, to render 
the soil unfavorable to the healthy growth of young or tender plants. 

The general effect of the presence of alkaline substances in the soil 
is to counteract these two evils. They combine with and thus remove 
the sourness of the acid bodies as they are formed. In consequence of 
this the soil becomes sweeter or more propitious to vegetation, while the 
natural tendency of the vegetable matter to decay is no longer arrested. 

It is thus clear that an immediate good effect upon the land must fol- 
low either from the artificial application or from the natural presence of 
alkaline matter in the soil—while at the same time it will cause the 
vegetable matter to disappear more rapidly than would otherwise be 
the case. But the effect of such substances does notend here. They 
actually dispose or provoke—pre-dispose, chemists call it—the vegeta- 
ble matter to continue forming acid substances, in order that they may 
combine with them, and thus cause the organic matters to disappear 
more rapidly than they otherwise would do—in other words, they 
hasten forward the exhaustion of the vegetable matter of the soil. 

Such is the general action of al! alkaline substances. This action 
they exhibit even in close vessels. Thus a solution of grape sugar, 
mixed with potash, and left in a warm place, slowly forms melassic 
acid—while ia cold lime-water the same sugar is gradually converted 
mto another acid called the glucic. But in the air other acids are 
formed in the same mixtures, and the changes proceed more rapidly. 
Such is the case also in the soil, where the elements of the air and 
of water are generally at hand to favor the decomposition. 

But the nature of the alkaline matter which is present determines 
also the rapidity with which such changes are produced. The most 
powerful alkaline substances—potash and soda—produce all the above 
effects most quickly ; lime and magnesia are next in order; and the 
alumina of the clay soils, though much inferior to all of these, is far 
from being without an important influence. 
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Hence one of the benefits which result from the use of iene 
containing carbonate of potash, when employed in small quantities — 
and along with vegetable and animal manures, as they are in this coun- 
try ; but hence also the evil effects which are found to follow from the 
application of them in too large doses. Thus in countries where wood 
abounds, and where it is usual, as in Sweden and Northern Russia, 
to burn the forests and to lay on their ashes as manure, the tillage 
can be continued for a few years only. After one or two crops the 
land is exhausted, and must again be left to its natural produce. 


§ 26. Special effects of caustic lime upon the several varieties of 
organic matter in the soil. 


The effects of lime upon organic matter are precisely the same 
in kind as those of the alkalies in general. They are only less in de- 
gree, or take place more slowly, than when soda or potash is em- 
ployed. Hence, the greater adaptation of lime to the purposes of 
practical agriculture. 

1°. Action of caustic lime alone upon vegetable matter.—If the fresh 
leaves and twigs of plants, or blades and roots of grass, be introduced 
into a bottle, surrounded with slaked lime, and corked, they will slowly 
undergo a certain change of color, but they may be preserved, it is 
said, for years, without exhibiting any striking change of texture (Mr. 
Garden.) If dry straw be so mixed with slaked lime, it will exhibit 
still less alteration. In either case also the changes will be even less 
perceptible, if, instead of hydrate of lime, the carbonate (or mild lime, ) 
in any of its forms, be mixed with these varieties of vegetable matter. 
On some other varieties of vegetable matter,—such, for example, as are 
undergoing rapid decay, or have aready reached an advanced stage of 
decomposition,—an admixture of slaked lime produces certain percepti- 

-ble changes immediately, and mild lime more slowly, but these changes 
being completed, the tendency of /ime alone is to arrest rather than to 
promote further rapid alterations. Hence, the following opinions of 
experienced practical observers must be admitted to be theoretically 
correet—in so far as they refer to the action of lime alone. 

“Tf straw of long dung be mixed with slaked lime, it will be pre- 
served.” (Morton, On Soils, 3d edition, p. 181.) 

“Lime mixed in a mass of earth containing the live roots and seeds 
of plants, will not destroy them.” (Morton.) — . 

“Sir H. Davy’s theory, that lime dissolves vegetable matter, is 
given up; in fact, it hardens vegetable matter. (Mr. Pusey, Royal 
Agricultural Journal, iii., p. 212. 

These opinions, I have said, are probably correct in so far as re- 
gards the unaided action of lime. They even express, with an ap- 
iets to accuracy, what will take place in the interior of compost 

eaps of a certain kind, or in some dry soils; but that they cannot 
apply to the ordinary action of lime upon the soil is proved by the 
other result of universal observation, that lime, so far from preserv- 
ing the organic matter of the land to which it is applied, in reality 
wastes it—causes, that is, or disposes it to disappear. 

2°. Action of caustic lime on organic matter in the presence of air 
and water.—\n the presence of air and water, when assisted by a 
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favoring temperature, vegetable matter, as we have already seen, 
undergoes spontaneous decomposition. In the same circumstances 
lime promotes and sensibly hastens this decomposition,—altering the 
forms or stages through which the organic matter must pass—but 
bringing about more speedily the final conversion into carbonic acid 
and water. During its natural decay in a moist and open soil, organic 
matter gives off a portion of carbonic acid gas, which escapes, and 
forms certain other acids which remain in the dark mould of the soil 
itself. When quick or slaked lime is added to the land, its first effect 
is to combine with these acids—to form carbonate, humate, &c., of 
lime—till the whole of the acid matter existing at the time is taken 
up. That portion of the lime which remains uncombined, either slowly 
absorbs carbonic acid from the air or unites with the carbonate already 
formed, to produce the known compound of hydrate with carbonate 
of lime,—(that compound, namely, which is produced when quick-lime 
slakes spontaneously in the air—see p. 368,)—waiting in this state in 
the soil till some fresh portions of acid matter are formed with which 
it may combine. But it does not inactively wait; it persuades and 
influences the organic matter to combine with the oxygen of the air 
and water with which it is surrounded, for the production of such acid 
substances—till finally the whole of the lime becomes combined either 
with earbonic or with some other acid of organic origin. 

Nor at this stage are the action and influence of lime observed to 
cease. On the contrary, this result will, in most soils, be arrived at in 
the course of one or two years, while the beneficial action of the lime 
itself may be perceptible for 20 or 30 years. Hence there is much ap- 
parent ground for the opinion of Lord Kames, “that lime is as effica- 
cious in its (so called) effete as in its caustic state.” Even the more 
strongly expressed opinion of the same acute observer, “ that lime pro- 
duces little effect upon vegetables till it becomes effete”—derives much 
support from experience—since lime is known to have comparatively 
little effect upon the productiveness of the land till one or two years 
after its application ; and this period. as I have said, is in most locali- 
ties sufficient to deprive even slaked lime of all its caustic properties. 

Of the saline compounds, (saline compounds or salts are always 
formed when lime, magnesia, potash, soda, &c., combine with acids, ) 
which caustic lime thus forms, either immediately or ultimately, some, 
like the carbonate and humate, being very sparingly soluble in water, 
remain more or less permanently in the soil; others; like the acetate 
of lime, being readily soluble, are either washed out by the rains or 
are sucked up by the roots of the growing plants. In the former case 
they cause the removal of both organic matter and of lime from the 
land ; in the latter they supply the plant with a portion of organic food, 
and at the same time with lime—without which, as we have frequent- 
ly before remarked, plants cannot be maintained in their most healthy 
condition. 


§ 27. Action of mild (or carbonate of ) lime upon the vegetable matter 
of the soil. 


The main utility of lime, therefore, depends upon its prolonged 
afler-action upon the vegetable matter of the soil. What is this ac- 
tion, and in what consist the benefits to which it gives rise ? 
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In answering this question, it is of importance to observe that all 
the effects produced by alkaline matter in general—whether by lime 
or by potash—in the caustic state, are produced in kind also by the 
same substances in the state of carbonate. The carbonic acid with 
which they are united is retained by a comparatively feeble affinity, 
and is displaced with greater or less ease by almost every other acid 
compound which is produced in the soil. With this displacement is 
connected an interesting series of beautiful reactions, which it is of 
consequence to understand. 

You will recollect that the great end which nature, so to speak, has 
in view, in all the changes to which she subjects organic matter in the 
soil, is to convert it—with the exception of its nitrogen—into carbonic 
acid and water. For this purpose it combines at one time, with the 
oxygen of the air, while at another it decomposes water and unites with 
the oxygen or the hydregen which are liberated, or with both, to form 
new chemical combinations. Each of these new combinations is either 
immediately preliminary to or is attended by the conversion of a por- 
tion to the elements of the organic matter into one or other of those 
simpler forms of matter on which plants live. Now during these pre- 
liminary or preparatory steps, acid substances, as I have already ex- 
plained, are among others constantly produced. With these acids. the 
carbonate of lime, when present in the soil, is ever ready to combine. 
But in so combining, it gives off the carbonic acid with which it is al- 
ready united, and thus a continual, slow evolution of carbonic acid is 
kept up as long as any undecomposed carbonate remains in the soil. 

I do not attempt to specify by name the various acid substances 
which are thus formed during the oxidation of the organic matter, and 
which successively unite with the lime, because the entire series of 
interesting and highly important changes, which organic substances 
undergo in the soil, has as yet been too little investigated, to permit 
us to do more than speak in general terms of the nature of the che- 
mical compounds which are most abundantly produced. Of two facts, 
however, in regard to them, we are certain—that they are simpler in 
their constitution than the original organic matter itself, from which 
they are derived—and that they have a tendency to assume still 
simpler forms, if they continue to be exposed to the same united action 
of air, water, and alkaline substances. 

Hence the compounds which lime has formed with the acid sub- 
stances of the soil, themselves hasten forward to new decompositions, 
—unite with more oxygen, liberate slowly portion after portion of 
their carbon in the form of carbonic acid, and of their hydrogen in the 
form of water, till at length the lime itself is left again in the state 
of carbonate, or in union with carbonic acid only. This residual car- 
bonate begins again the same round of changes through which it had 
previously passed. It gives up its carbonic acid at the bidding of 
some more powerful organic acid produced in its neighborhood, while 
this acid, by exposure to the due influences, undergoes new altera- 
tions till it also is finally resolved into carbonic acid and water. 

Two circumstances are deserving to be borne in mind in reference 
to these successive decompositions—firsi, that in the course of them 
more soluble compounds of lime are now and then formed, some of 
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which are washed out by the rains, and escape from the soil, while 
others minister to the growth of plants ;—and second, that very much 
carbonic acid is produced as their final result—of which also part is 
taken up by the roots of plants, and part escapes into the air. Thus 
at every successive stage a portion of organic matter is lost to the 
soil. If this quantity be greater than that which is yearly gained in 
the form of roots or decayed leaves and stems of plants, or of manure 
artificially added, the soil will be gradually exhausted—if less, it will 
every year become more rich in vegetable matter. 

It is also to be borne in mind, that although, for the purpose of il- 
lustration, I have supposed the carbonate of lime first formed in the 
soil to be subsequently combined with other acids, which gradually 
decompose and leave it again in the state of carbonate,—yet it will 
rarely happen that the whole of the carbonate of lime in the soil 
will be in any of these new states of combination. In general, a part 
of it only is thus at any one time employed 4n working up the acid 
substances produced. But it is necessary that it should be univer- 
sally ditfused through the soil in order that it may be everywhere at 
hand to perform the important part of its functions above explained. 
It is only where little lime is present, or where decaying vegetable 
matter is in exceeding abundance, that the whole of the carbonate 
can at one and the same time disappear (p. 380.) 


The changes, therefore, which lime and organic matter, supposed 
to be free from nitrogen, respectively undergo, and their mutual ac- 
tion in the soil, may be summed up as follows :— 

1°. The organic matter, under the influence of air and moisture, 
spontaneously decomposes, and besides carbonic acid which escapes, 
forms also other acid substances which linger in the soil. 

2°. With these acids the quick-lime combines, and, either by its 
union with them or with carbonic acid from the air, soon (compara- 
ratively) loses its caustic state. 

3°. The production of acid substances by the oxidation of the organ- 
i¢ matter—goes on more rapidly under the disposing influence of the 
lime, whether caustic or carbonated. These acids combine with the 
lime, liberating from it, when in the state of carbonate, a slow but 
constant current of carbonic acid, upon which plants at least partly 
live. 

4°. The organic acid matter which thus unites with the lime con- 
tinues itself to be acted upon by the air and water, aided by heat and 
light—itself passes through a succession of stages of decomposition, 
at each of which it gives off water or carbonic acid, retaining still 
its hold of the lime, till at last being wholly decomposed it leaves the 
lime again in the state of carbonate, ready to begin anew the same 
round of change. 

During this series of progressive decompositions, certain more so- 
luble compounds of lime are formed, by which plants are in part at 
least supplied with this earth, and which with the aid of the rains 
carry off both lime and organic matter from the soil. 

And, again, the more rapid the production of the acid substances 
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which result from the union of the organic matter with oxygen, the 
more abundant in general also the production of those gaseous and 
volatile compounds which they form by uniting with hydrogen, so 
that, in promoting the formation of the one class of bodies, lime also 
favors the evolution of the other in greater abundance, and thus in 
a double measure contributes to the exhaustion of the soil. 

The disposing action of lime to this twin form of decomposition, few 
varieties of organic matter can resist,—and hence arises the well 
known efficacy of lime in resolving and rendering useful the appa- 
pier inert vegetable substances that not unfrequently exist in the 
soil. 


§ 28. Of the comparative utility of burned and unburned lime. 


Is there no advantage, then, you may ask, in using caustic or burned 
rather than carbonated or unburned lime? If the ultimate effects of 
both upon the land be the same, why be at the expense of burning ? 
Among other benefits may be enumerated the following :— 

1°. By burning and slaking, the lime isreduced to the state of an im- 
palpable powder, finer than could be obtained by any available method 
of crushing. If can in consequence be diffused more uniformly through 
the soil, and hence a smaller quantity will produce an equal effect. 
This minute state of division also promotes in a wonderful degree the 
chemical action of the lime. In all cases chemical action takes place 
between exceedingly minute particles of matter, and among solid sub- 
stances the more rapidly, the finer the powder to which they can be re- 
duced. Thus a mass of iron or lead slowly rusts or tarnishes in the air, 
but if the mass of either metal be reduced to the state of an impalpable 
powder—which can be done by certain chemical means—it will take 
fire when simply exposed to the air at the ordinary temperature, and 
will burn till it is entirely converted into oxide. By mere mechanical 
division the apparent action of the oxygen of the air upon metals is aug- 
mented and hastened in this extraordinary degree—and a similar re- 
sult follows when lime in an impalpable state is brought into contact 
with the vegetable matter upon which it is intended to act. 

2°. The effect of burned lime is more powerful and more immediate 
than that of unburned lime in the form of chalk, marl, or shell sand. 
Hence it sooner neutralizes the acids which exist in the soil, and 
sooner causes the decomposition of vegetable matter of every kind to 
commence, upon which its efficacy, in a greater degree, depends. 
Hence, when it can easily be procured, it is better fitted for sour grass 
or arable lands, for such as contain an excess of vegetable matter, and 
especially for suchas abounds in that dead or inert form of organic mat- 
ter which requires a stronger stimulus—the presence of more power- 
ful chemical affinities, that is—to bring it into active decomposition. 
In such eases, the lime has already done much good before it has been 
brought into the mild state—and remaining afterwards in this state in 
the soil, it still serves, in a great measure, the same slower after-pur- 
poses as the original addition of carbonate would have done. 

3°. Besides, if any portion of it, after the lapse of two or three 
years, still linger in the caustic state, (p. 368,) it will continue to pro- 
voke more rapid changes among the organic substances in the soil, 
than mild lime alone could have done. 
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4°. Further, quick-lime is soluble in water, and hence every shower 
that falls and sinks into the soil carries with it a portion of lime, so 
long as any of it remains in the caustic state. It thus reaches acid 
matters that lie beneath the surface, and alters and ameliorates even 
the subsoil itself: 

5°. It is not a small additional recommendation of quick-lime, that 
by burning it loses about 44 per cent. of its weight, thus enabling 
nearly twice the quantity to be conveyed from place to place at the 
same cost of transport. This not only causes a direct saving of 
money,—as when the burned chalk of Antrim is carried by sea to 
the Ayrshire coasts—but an additional saving of labor also upon the 
farm,—where the number of hands and horses is often barely suffici- 
ent for the necessary work. 


§ 29. Action of lime on organic substances which contain nitrogen. 


I have hitherto, for the sake of simplicity, directed your attention 
solely to the action, whether immediate or remote, which is exercised 
by lime upon organic matter supposed to contain no nitrogen. Its action 
upon compounds in which nitrogen exists is no less beautiful and simple, 
perhaps even more intelligible and more obviously useful to vegetation. 

There are several well known facts which it is here of importance 
for us to consider— 

1°. That the black vegetable matter of the soil always contains ni- 
trogen. Even that which is most inert retains a sensible proportion of 
it. It exists in dry peat to the amount of about 2 per cent. of its weight, 
and still clings to the other elements of the organic matter, even after it 
has undergone those prolonged changes by which it is finally converted 
into coal. Since nitrogen, therefore, is so important an element in all 
vegetable food, and so necessary in some form or other to the healthy 
growth and maturity of plants, it must be of consequence to awaken 
this element of decaying vegetable matter, when it is lying dormant, 
and to cause it to assume a form in which it can enter into and be- 
come useful to our cultivated plants. 

2°. Thatif vegetable matter of any kind be heated with slaked lime, 
the whole of the nitrogen it may contain, in whatever state of combina- 
tion it may previously exist, will be given off in the form of ammonia. 
The same takes place still more easily if'a quantity of hydrate of potash 
or of hydrate of soda be mixed with the hydrate of lime. Though it 
has not as yet been proved by direct experiment—yet I consider it to be 
exceedingly probable, that what takes place quickly in our laboratories, 
ata comparatively high temperature, may take place more slowly also 
in the soil, and at the ordinary temperature of the atmosphere. 

3°. That when animal and vegetable substances are mixed with 
earth, lime, and other alkaline matters, in the so-called nitre beds, (Lec. 
VIIL, §5,) ammonia and nitric acid are both preduced, the quantity of 
nitrogen contained in the weight of these compounds extracted being 
much greater than was originally present in the animal and vegetable 
matter employed (Dumas.) Under the influence of alkaline substances, 
therefore, even when not ina caustic state, the decay of animal and ve- 
getable matter in the presence of air and moisture causes some of the 
nitrogen of the a to become fixed in the soil in the form of 
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ammonia or of nitric acid. What takes place on the confined area of a 
nitre bed, may take place to some extent also in the wider area of a 
well-limed and well-manured field. 

In the action of alkalies in the nitre bed, disposing to the produc- 
tion of nitric acid, we observe the same kind of agency, which we 
have already attributed to lime, in regard to the more abundant ele- 
ments which exist in the vegetable matter of the soil. It gently per- 
suades all the elements—nitrogen and carbon alike—to unite with 
the oxygen of air and water, and thus ultimately to form acid com- 
pounds with which it may itself combine. 

The action of lime upon such organic matters containing nitrogen as 
usually exist in the soil, may, therefore, be briefly stated as follows :— 

1°. These substances, like all other organic matter, undergo in moist 
air—and, therefore, in the soil—a spontaneous decomposition, the ge- 
neral result of which is the production of ammonia, and of an acid 
substance with which the ammonia may combine. This change is 
precisely analogous to that which takes place in such substances as 
starch and woody fibre, which contains no nitrogen. In each case, 
one portion of the elements unites with oxygen to produce an acid, 
the other with hydrogen to form a compound possessed of alkaline or 
indifferent properties. Thus,— 

With oxygen,—vegetable matter produces carbonic, ulmic, and other 
acids. 
animal matter produces carbonic, nitric, ulmic, and 
other acids. 
With hydrogen,—vegetable matter produces marsh gas or other 
carburetted hydrogens. 
e animal matter produces ammonia. 
_ If the ammonia happen to be produced in larger relative quantity 
than the acids with which it is to combine, or if the carbonic be the 
only acid with which it unites, a portion of it may escape into the air. 
This rarely happens, however, in the soil, the absorbent properties of 
the earthy matters of which it consists being in most cases sufficient 
to retain the ammonia, till it can be made available to the purposes 
of vegetable life. 

When caustic (hydrate of) limeis added toa soil in which ammonia 
exists in this state of combination with acid matter, it seizes upon the 
acid and sets the ammonia free. This it does with comparative slow- 
ness, however—for it does not at once come in contact with it all— 
and by degrees, so as to store it upin the pores of the soil till the roots 
of plants can reach it, or till it can itself undergo a further change 
by which its nitrogen may be rendered more fixed (p. 411.) 

Carbonate of lime, on the other hand, still more slowly persuades 
the ammonia to leave the acid substances (ulmic, nitric ? &c.,) with 
which it is combined, and yielding to it in return its own carbonic 
acid, enables it in the state of soluble carbonate of ammonia to be- 
come more immediately useful to vegetation. : 

2°. But in undergoing this spontaneous decay, even substances con- 
taining nitrogen reach at length a point at which decomposition appears 
to stop—an inert condition in which, though nitrogen be present as in 
peat, they cease sensibly to give it off in such a form or quantity as to 
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be capable of ministering to vegetable growth. Here caustic lime steps 
in more quickly, and mild lime by slower degrees, to promote the fur- 
ther decay. It induces the carbonaceous matter to take oxygen from 
the air and from water and to form acids, and the nitrogen to unite with 
the hydrogen of the water for the production of ammonia—thus help- 
ing forward the organic matter in its natural course of decay, and 
enabling it to fulfil its destined purposes in reference to vegetable life. 

3°. But the ammonia which is thus disengaged in the soil by decay- 
ing organic matter, though not immediately worked up, so to speak, by 
living plants, is not permitted to escape in any large quantity into the 
air. The soil, as I have already stated, is usually absorbent enough to 
retain it in its pores for an indefinite period of time. And asinnature 
and upon the earth’s surface the elements of matter are rarely permitted 
to remain in a state of repose, the ammonia, though retained apparently 
inactive in the soil, is yet slowly uniting with a portion of the surround- 
ing oxygen and forming nitric acid (Lec. VII., § 5, note.) When no 
other base is present. this nitric acid, as it is produced, unites with some 
of the ammonia itself which still remains, forming nitrate of ammonia 
—but if potash or lime be present within its reach, it unites with them 
in preference, and forms the nitrate of potash or of lime. 

But lime, if present, is not an inactive spectator, so to speak, of 
this slow o.idation of ammonia. On the contrary, it promotes this 
final change, and by being ready to unite with the nitric acid as it 
forms, increases and accelerates its production, at the expense of the 
ammonia which it had previously been instrumental in evolving. 

4°. One other important action of lime, by which the same com- 
pounds of nitrogen are produced in the soil, may in this place be most 
properly noticed. It is a chemical law of apparently extensive applica- 
tion, that when one elementary substance is undergoing a direct chemi- 
eal union with a second in the presence of a third, a tendency is impart- 
ed to the third to unite also with one or with both of the other two, al- 
though in the same circumstances it would not unite with either, if pre- 
sent alone. Thus, when the carbonaceous matter of the soil is under- 
going oxidation in the air—that is, combinmg with the oxygen of the 
atmosphere—it imparts a tendency to the nitrogen also to unite with 
oxygen, which when mixed with that gas alone, (the atmosphere con- 
sisting, as you will recollect, of nitrogen and oxygen—Lec. IL., § 4,)— 
it has no known disposition to do. The result of this is the production of 
a small, and always a variable, proportion of nitric acid during the de-. 
composition in the soil, of organic matter even, which itself contains no 
nitrogen. ; 

Again, it is an equally remarkable chemical law, that elementary 
bodies which refuse to combine, however long we may keep them to- 
gether in a state of mixture, will yet unite readily when presented to 
each other in what iscalled by chemists the nascent state—that is, at 
the moment when one or other of them is produced or is separated 
from a previous state of combination. 

Thus when the organic matter of the soil decomposes water in the 
presence of atmospheric air, its carbon unites with the greater part 
of the oxygen and hydrogen which are set at liberty, and at the same 
time with more or less of the oxygen of the atmosphere—but at the 
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same instant the nitrogen of the atmosphere, which is everywhere 
present, seizes a portion of the hydrogen and forms ammonia. Thus 
a variable, and in any one limited spot, a minute, but over the entire 
surface of the globe, a large quantity of ammonia is produced during 
the oxidation even of the purely carbonaceous portion of the organic 
matter of the soil. 

Now in proportion as the presence of lime promotes this decay of 
vegetable and other organic matter in the soil—in the same propor- 
tion does it promote the production of ammonia and nitric acid, at the 
expense of the free nitrogen of the atmosphere, and this may be re- 
garded as one of the valuable and constant purposes served by the 
presence of calcareous matter in the soil. 


§ 30. How these chemical changes directly benefit vegetation. 


You will scarcely, I think, inquire how all these interesting chemical 
changes which attend upon the presence of lime in the soil are di- 
rectly useful to vegetation, and yet it may be useful shortly to answer 
the question. 

1°. Lime combines with the acid substances already existing in the 
soil, and thus promotes the decomposition of vegetable matter which 
those acid substances arrest. The further decompositions which en- 
sue are attended at every step by the production either of gaseous 
compounds—such as carbonic acid and light carburetted hydrogen— 
which are more or less abundantly absorbed by the roots and leaves 
of plants, and thus help to feed them—or of acid and other compounds, 
soluble in water, which, entering by the roots, bear into the cireula- 
tion of the plant not only organic food, but that supply of lime also 
which healthy plants require. 

2°. 'The changes it induces upon substances in which nitrogen is 
present are still more obviously useful to vegetation. It eliminates am- 
monia from the compounds in which it exists already formed, and pro- 
motes its slow conversion into nitric acid, by which the nitrogen is 
rendered more fixed in the soil. It disposes the nitrogen of more or 
less inert organic matter to assume the form of ammonia and nitric 
acid, in which state experience has long shown that this element is 
directly favorable to the growth of plants. 

3°. It influences in an unknown degree, the nitrogen of the atmos- 
phere to become fixed in larger proportion in the soil, in the form of nitric 
acid and ammonia, than would otherwise be the case, and this it does 
both by the greater amount of decay or oxidation which it brings 
about in @ given time, and by the kind of compounds which, under its 
influence, the organic matter is persuaded to form. The amount of 
nitrogenous food placed within reach of plants by this agency of lime 
will vary with the climate, with the nature of the sofl, with its con- 
dition as to drainage, and with the more or less liberal and_ skilful 
manner in which it is farmed. 


§ 31. Why lime must be kept near the surface. 


Nor will you fail to see the important reasons why lime ought to 
be kept near the surface of the soil—since 
1°. The action of lime upon organic matter is almost nothing in 
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the absence of air and moisture. If the lime sink, therefore, beyond 
the constant reach of fresh air, its efficacy is in a great degree lost. 
2°. But the agency of the light and heat of the sun, though I have 
not hitherto insisted upon their action—are scarcely less necessary to 
the full experience of the benefits which lime is capable of conferring. 
The light of the sun accelerates nearly all the chemical decompositions 
that take place in the soil—while some it appears especially to promote. 
The warmth of the sun’s rays may penetrate to some depth, but their 
light can only act upon the immediate surface of the soil. Hence the 
skilful agriculturist will endeavor, if possible, to keep some of his lime 
at least upon the very surface of his arable land. Perhaps this in- 
fluence of light might even be adduced as an argument in favor of the 
frequent application of lime in small doses, as a means of keeping a 
portion of it always within reach of the sun’s rays; and this more es- 
pecially on grass lands, to which no mechanical means can be applied 
for the purpose of bringing again to the surface the lime that has sunk. 

There are, at the same time, as you will recollect, good reason also 
why a portion of the lime should be diffused through the body of the 
soil, both for the purpose of combining with organic acids, already 
existing there, and with the view of acting upon certain inorganic or 
mineral substances, which are either decidedly injurious, or by the ac- 
tion of lime may be rendered more wholesome to vegetation. 

In order that this diffusion may be effected, and especially that lime 
may not be unnecessarily wasted where pains are taken by mechanical 
means to keepit near the surface, an efficient system of under-drainage 
should be carefully kept up. Where the rains that fall are allowed 
to flow off the surface of the land, they wash more lime away the more 
carefully it is kept among the upper soil—but where a free outlet is af- 
forded to the waters beneath, they carry the lime with them as they 
sink towards the subsoil, and have been robbed again of the greater 
part of it before they escape into the drains. Thus on drained land 
the rains that fall aid lime in producing its beneficial effects, while in 
undrained land they ina greater or less degree counteract it. 


§ 32. Action of lime upon the inorganic or mineral matter of the soil. 


Though the main general agency of lime is exerted, as we have 
seen, upon the organic matter it meets with, yet it often also produces 
direct chemical changes upon the mineral compounds existing in the 
soil, which are of great importance to vegetation. Thus 

1°. Lime, either in the mild or in the caustic state, possesses the 
property of decomposing the sulphate of iron, which especially abounds 
in peaty soils, and in many localities so saturates the subsoil as to 
make it destructive to the roots of plants. Sprengel mentions a case 
where the first year’s clover always grew well, while in the second 
year it always died away. This, upon examination, was found to be 
owing to the ferruginous nature of the subsoil, which caused the death 
of the plant as soon as the roots began to penetrate it. 

When salts of iron exist in the soil, a dressing with lime will bring 
the land into a wholesome state without other aid. The lime will 
combine with the acid, and form gypsum, if it is the sulphate of iron 
that is present, while the first oxide of iron which is set free will, by 
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exposure to the air, be converted into the second or red oxide, in 
which state this metal is no longer hurtful to vegetation. 

When these salts are to be decomposed and removed trom the sub- 
soil, lime must be aided by the subsoil plough and the drain. Unless 
an outlet beneath be provided for the surface water, by which the 
rains may be enabled to wash away slowly the noxious substances 
from the subsoil, even the addition of a copious dose of lime will only 
produce a temporary improvement. 

2°. Lime decomposes also the sulphates of magnesia and of alumi- 
na, both of which are occasionally found in the soil, and, being very so- 
luble salts, are liable to be taken up by the roots in such quantity as to 
be hurtful to the growing plants. When soils which contain any of 
the three salts I have mentioned have once been limed or marled, it 
is in vain to add gypsum in the hope of favoring the clover crop, since 
the lime, in decomposing the sulphates, has already formed an abun- 
dant supply of this compound for ali the purposes of vegetation. 

3°. Among the earthy constituents of the soil, we have already seen 
that there often exist fragments of felspar and of other minerals derived 
from the granitic and trap rocks, which contain potash or soda in the 
state of silicates. These silicates we know to be slowly decomposed 
by the agency of the carbonic acid of the air, (Lec. X., § 1,) and 
their alkali set free in a soluble state. This decomposition is said to 
be prompted by the presence of lime (p. 361.) 

Again, the stalks of the grasses and the straw of the corn-bearing 
plants contain much silica in combination with potash and soda. In 
farm-yard manure, therefore, much of these silicates is present, and 
when mixed with the soil, there appears little reason to doubt that 
they are of much benefit to the growing crops. On these silicates, 
in the presence of carbonic acid and moisture, the lime acts as it does 
upon the mineral silicates. It aids in the liberation of the potash and 
soda, and thus promotes the performance of those important functions 
which these alkalies are destined to exercise in reference ta vegetable 
growth (p. 328.) 

While the alkali is set free the lime itself combines with the silica, 
and hence one source of the silicate of lime which, as I have already 
mentioned to you, (p. 380,) usually exists in sensible quantity in our 
cultivated soils. It has been stated by Sprengel (Lehre vom Diinger, 
p. 310,) as one reason why the addition of lime must be repeated so 
frequently upon some soils in which silica abounds, that an insoluble 
silicate of lime is found, which is of no use to vegetation. But the 
silicates of lime are slowly decomposed by the agency of the carbonic 
acid of the air and of decaying vegetation, and to this cause in a pre- 
vious lecture (Lec. XII.,§ 4,) I have ascribed much of the fertile 
character of the trap and syenitic soils, and ef their beneficial action 
when laid on as a manure. 

4°. Potash and soda exist to some extent in clay soils in combina- 
tion with their alumina. The presence of lime has a similar influence 
in setting the alkalies free from this state of combination also. 

5°. Alumina has the property of combining readily with many vege- 
table acids, and in the clay soils exercises a constant influence, similar 
im. kind to that of lime and other alkaline substances, in persuading the 
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organic matter to those forms of decay in which acid compounds are 

more abundantly produced. Hence, clay soils almost always contain a 

portion of alumina in combination with organic matter. ‘This organic 

matter is readily given up to lime, and by the more energetic action of 

this substance is sooner made available to the wants of new races of 
lants. 

6°. I shall bring under your notice only one other, but a highly im- 
portant, decomposing action, which lime exercises in soils that abound 
in vegetable matter. In the presence of decaying organic substances 
the carbonate of lime is capable of slowly decomposing common salt, 
producing carbonate of soda and chloride of calcium. It exercises also 
a similar decomposing eflect,even upon the sulphate of soda, and, ac- 
cording to Berthollet, (Dumas 7T'ratte de Chemie, ii., p. 334,) incrus- 
tations of carbonate of soda (of T'rona or Natron, which is a sesqui 
carbonate of soda,) are observed on the surface of the soil, wherever 
carbonate of lime and common salt are in contact with each other. 
If we consider that along all our coasts common salt may be said 
to abound in the soil, being yearly sprinkled over it by the salt sea 
winds—that generally, along the same coasts, the application of 
sulphates produces little sensible effect upon the crops, and that, there- 
fore, in all probability they abound in the soil, derived, it may be, from 
the same sea spray—we may safely conclude, I think, that the decom- 
position now explained must take place extensively in all those parts of 
our island which are so situated, if lime in any of its forms either exists 
naturally or has been artificially added to the land. The same must be 
the case also in those districts where salt springs occur, and generally 
over the new red sand-stone formation, inwhich sea salt more especially 
occurs. 

And if we further consider the important purposes which the carbo- 
nate of soda thus produced may serve in reference to vegetation—that 
it may dissolve vegetable matter and carry it into the roots—that it may 
form soluble silicates, and thus supply the necessary siliceous matter to 
the stems of the grasses and other plants—and that rising, as it naturally 
does, to the surface of the soil, it there, in the presence of vegetable mat- 
ter, provokes to the formation of nitrates, so wholesome to vegetable 
life—we may regard the decomposing action of lime by which this car- 
bonate is produced as among the most valuable of its properties to the 
practical farmer, wherever circumstances are favorable for its exercise. 


§ 33. Action of lime on animal and vegetable life. 


It is only necessary to allude, in conclusion, to one or two other 
useful purposes which lime is said to serve in reference to animal and 
vegetable life. Thus 

1°, It is said to prove fatal, especially in the caustic state, to worms, 
toslugs,* and to many insects injurious to the farmer, and to destroy 
their eggs and larve. In Scotland it has been found in some instances 
to check the ravages of the fly. On the other hand, in the state of car- 
bonate, itis propitious to the growth of the land snail and similar crea- 

* When the wheat crop is attacked by slugs above ground, nothing will do so much good 


pared lime, sowa over the crop before sunrise.—Hillyard, Royal Agricultural Journal, 
iii., p. 302. 
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tures which bear shells. In highly timed land the former may be seen 
crowded at the roots of the hedges, from which they make frequent. in- 
cursions upon the young crops, and are, I believe, especially hurtful 
to the turnips. 

2°. It is found to prevent smut in wheat. For this purpose the 
seed is steeped in lime, and afterwards dried with slaked lime, or lime 
water is poured upon the heap of corn, which is turned over, and left 
for 24 hours (Hillyard.) 

3°. It is also said to prevent the rot and foot-rot in sheep fed upon 
pastures on which, before liming, the stock was liable to be affeeted 
by these diseases (Prideaux.) 

4°. In regard to its action upon living plants, it is certain that it ex- 
tirpates certain of the coarser grasses from sour pastures and brings up 
atenderer herbage; but practical men appear to differ in regard to its ef- 
fects upon the roots and seeds of the more troublesome weeds. Accord- 
ing to some, the addition of lime to a compost, or to the soil, will kill 
the roots of weeds and render unproductive such noxious seeds as may 
happen to be present. According to others (p. 405,) this isa mistake. 
I believe the truth to be, that lime will lead to their destruction and 
decay, if the circumstances are favorable or if proper pains be taken 
to effect it. But air and moisture are necessary to insure this, as they 
are to effect the rapid decay of dead organic matter. If the ingre- 
dients of the compost be duly proportioned, or if the dose of lime 
added to the land be sufficiently large, and if in each case the mix- 
ture be frequently turned, the final destruction of roots and seeds may 
in general be safely calculated upon. 

§ 34. Use of silicate of lime. 

There is one compound of lime which, though occurring occasionally 
1a all soils, has not hitherto been applied to the improvement of the land 
even in localities where it most abounds. This compound is the silicate 
of lime. I have already directed your attention to the presence of this 
compound in the trap rocks, and to the fertile character which it imparts 
to the soils which are formed by the natural degradation of these rocks. 

In those districts where the smelting of iron is carried on, the first 
slag that is obtained consists in great part of silicate of lime. This 
slag accumulates in large quantities, and is employed in some dis- 
tricts for mending the roads. It is not unworthy the attention of the 
practical farmer—as an improver of his fields—especially where caus- 
tic lime is distant and expensive, or where boggy and peaty soils are 
met with in which vegetable matter abounds. On such land it may 
be laid in large quantity. It will decompose slowly, and while it im- 
parts to the soil solidity and firmness, will supply both lime and silica 
to the growing crops, for a long period of time. 


I have thus drawn your attention to the most important topics connected with the use of 
lime, so efficacious an instrument in the hands of the skilful and improving farmer for ame- 
liorating the condition and increasing the productiveness of his land. If I have appeared 
to dwell! long upon this subject, it is because of the value which I know to be attached by 
practical men to a correct exposition of the virtues of lime and of the theory by which its 
effects are to be explained. I believe that in the theoretical part I have been able to point 
oui to you the leading chemical principles npon which its influence depends—if any thing 
is still dark, it is because our knowledge is not yet complete. A few years more, and we 
may hope to have the mists which hang over this, as over many other branches of agricul- 
tural chemistry, in a great measure cleared away. 


LECTURE XVII. 
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Of organic manures.—Vegetable and animal manures.—Green manuring ; ploughing in of 
spurry, the white lupin, the vetch, buck-wheat, rape, rye, borage.—Natural green manu- 
ring.—Improvemeut of the soil by laying down to grass and by planting.—Use of sea- 
weed.—Dry vegetable manures: dry straw, chaff, rape-dust, malt-cust, saw-dust, cojton 
seeds, dry leaves.—Decayed vegetable matter: use of peat, tarners’ bark, and composts 
of vegetable matter.—Charcoal powder, soot.—Relative value, theoretical, and practical, 
of different vegetable manures. 


By organic manures are understood all those substances either of 
vegetable or of animal origin, which are applied to the land for the 
purpose of increasing its fertility. It will be convenient to consider 
these two classes of organic substances separately. 

The parts of vegetables may be applied to the soil in three dif- 
ferent forms—in the green, in the dry, and in the more or less natu- 
rally decayed, fermented, or artificially decomposed state. 


1. Of green manuring, or the application of vegetable matter in 
8; PP 
the green state. 


By green manuring is meant the ploughing in of green crops in 
their living state—or of green vegetables left or spread upon the 
land for the purpose. 

1°. We have seen in the preceding lecture how important air and 
water are to the decomposition of organic matter. Now green ve- 
getable substances contain within themselves much water, undergo 
decomposition more readily, therefore, than such as have been dried, 
and are more immediately serviceable when mixed with the soil. 

2°. In the sap of plants also there generally exist certain compounds 
containing nitrogen, which not only decompose very readily themselves, 
but have the property of persuading or inducing the elements of the 
other organic matters, with which they are in contact, to assume new 
forms or to enter into new chemical combinations. Hence, the sap of 
plants almost invariably undergoes more or less rapid decomposition 
even when preserved from the contact of both air and water. When 
this decomposition has once commenced in the sap it is gradually propa- 
gated to the woody fibre and to the other substances of which the mass 
of the stems and roots of plants is composed. Hence, recent vege- 
table matter will undergo a comparatively rapid decomposition, even 
when buried to some depth beneath the soil—and the elements of which 
it consists will form new compounds more or less useful to living plants, 
in circumstances where dry and where many forms even of partially 
decomposed vegetable matter would undergo no change whatever. 

3°. Further—when green vegetable matter is allowed to decay in 
the open air, it is gradually resolved more or less completely into car- 
bonie acid, which escapes into the air and is so far lost. But when 
buried beneath the surface, this formation of carbonic acid proceeds 
less rapidly, and other compounds—preparatory to the final resolution 
into carbonic acid and water—are produced in greater quantity and 
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linger in the soil. Thus by burying vegetable substances in his land 
in their green state, the practical man actually saves a portion of the 
organic food of plants, which would otherwise so far run to waste. 
4°. Finally: Green vegetable substances, by exposure to the air, 
gradually give up a portion of the saline matter they contain to the 
showers of rain that fall. This more or less escapes and is lost. But if 
buried beneath the soil this saline matter is restored to the land, and 
where the green matter thus buried is in the state of a growing cro ; 
both the organic and inorganic substances it contains are more equally 
diffused through the soil than they could be by any other known process. 
On one or other of these principles depend nearly all the special ad- 
vantages which are known to follow from green manuring and from the 
employment of green vegetable matter in the preparation of composts. 


§ 2. Important practical results obtained by green manuring. 


But this explanation of the principles on which the efficacy of green 
manuring depends, does not fully illustrate the important practical re- 
sults by which, in many localities, it is uniformly followed. 

Let us glance at these results. 

1°. The ploughing in of green vegetables on the spot where they 
have grown may be followed as a method of manuring and enriching 
all land, where other manures are less abundant. Growing plants 
bring up from beneath, as far as their roots extend, those. substances 
which are useful to vegetation—and retain them in their leaves and 
stems. By ploughing in the whole plant we restore to the surface 
what had previously sunk to a greater or less depth, and thus make 
it more fertile than before the green crop was sown. 

2°. This manuring is performed with the least loss by the use of 
vegetables in the green state. By allowing them to decay in the open 
air, there is, as above stated, a loss both of organic and of inorganic 
matter—if they be converted into fermented (farm-yard) manure, there 
is also a large loss, as we shall hereafter see; and the same is the 
case, if they are employed in feeding stock, with a view to their con- 
version into manure. In no other form can the same crop convey ta 
the soil an equal amount of enriching matter as in that of green 
leaves and stems. Where the first object, therefore, in the farmer’s 
practice, is so to use his crops as to enrich his land—he will soonest 
effect it by ploughing them in in the green state. 

3°. Another important result is, that the beneficial action is almost 
immediate. Green vegetables decompose rapidly, and thus the first 
crop which follows a green manuring is benefitted and increased by 
it. But partly for this reason also the green manuring—of corn crop- 
ped land—if aided by no other manure, must generally be repeated 
every second year. 

4°. It is said that grain crops which succeed a green manuring are 
never laid—and that the produce in grain is greater in proportion to 
the straw, than when manured with fermented dung. 

5°. But it is deserving of separate consideration, that green manu- 
ring is especially adapted for improving and enriching soils which are 
poor in vegetable matter. The principles on which living plants draw 
a part—sometimes a large part—of their sustenance from the air, 
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have already been discussed, and I may presume that you sufficiently 
understand the principles and admit the fact. Living plants, then, 
contain in their substance not only all they have drawn up from the 
soil, but also a great part of what they have drawn from the air. 
Plough in these living plants, and you necessarily add to the soil 
more than was taken from it—in other words, you make it richer in 
organic matter. Repeat the process with a second crop and it be- 
comes richer still—and it would be difficult to define the limit beyond 
which the process could no further be carried. 

Is there any soil then, in the ordinary climates of Europe, which is be- 
yond the reach of this improving process ?_ Those only are so on which 
plants refuse to grow at all, or on which they grow so languidly as to 
extract from the air no more than is restored to it again by the natu- 
ral decay of the organic matter which the soils already contain... 

But for those plants which grow naturally upon the soil, agricultural 
skill may substitute others, which will increase more rapidly, and pro- 
duce a larger quantity of green leaves and stems for the purpose of being 
buried in the soil. Hence, the selection of particular crops for the pur- 
pose of giving manuring—those being obviously the fittest which in the 
given soiland climate grow most rapidly, or which produce the largest 
quantity of vegetable matter in the shortest time and at the smallest cost. 


3. Of the plants which in different soils and climates are employed 
Pp ; ploy: 
for green manuring. 


On this principle is founded the selection of different plants in different 
soils and climates for the purpose of green manuring. That which 
in Italy will yield the largest produce of leaves and stems, at the least 
cost, and in the shortest time, may not do so in the North of England or 
of Germany—and that which will enrich a poor clay or an exhausted 
loam may refuse even to grow, ina healthy manner, upon a drifting sand. 

1°. Spurry (Spergula Arvensis.)—It is to poor dry sandy soils that 
green manuring has been found most signally beneficial, and for such 
soils no plant has been more lauded than spurry. It may either be 
sown in autumn on the corn stubble or after early potatoes, and 
ploughed in in spring preparatory to the annual crop, or it may be 
used to replace the naked fallow, which is often hurtful to lands of so 
light a character. In the latter case, the first sowing may take place 
in March, the second in- May, and the third in July—each crop being 
ploughed in to the depth of three or four inches, and the new seed 
then sown and harrowed. When the third crop is ploughed in, the 
land is ready for a crop of winter corn. 

Von Voght (Vortheile der griinen Bediingung) states that by such 
treatment the worst shifting sands may be made to yield remunerative 
crops of rye—that the most worthless sands are more improved by it 
than those of a better natural quality—that the green manuring every 
other year not only nourishes sufficiently the alternate crops of rye, 
but gradually enriches the soil—and that it increases the effect of any 
other manure that may subsequently be put on. He adds, also, that 
spurry produces often as much improvement if eaten off by cattle as 
if ploughed in, and that when fed upon this plant, either green or in 
the state of hay, cows not only give more milk, but of a richer quality. 
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2°. White Lupins.—In Italy, and in the south of France, the white 
lupin is extensively cultivated asa green manure. In Germany, also, 
it has been found to be one of those plants by which unfruitful sandy 
soils may be most speedily brought into a productive state. The supe- 
riority of this plant for the purpose of enriching the soil depends upon 
its deep roots, which descend more than two feet beneath the surface 
—upon its being little injured by drought, and little liable to be at- 
tacked by insects—on its rapid growth—and upon its large produce 
in leaves and stems. Even in the North of Germany it is said to 
yield, in three and a half to four months, 10 to 12 tons of green herb- 
age. It grows in all soils except such as are marly and calcareous, 
is especially partial to such as have a ferruginous subsoil, and besides 
enriching, also opens stiff clays by its strong stems and roots. 

3°. The Vetch is inferior in many of its qualities to the white lu- 
pin—yet in Southern Germany it is often sown on the stubble, and 
ploughed in after it has been touched with the frost, and has begun 
to decay. In England also the winter tare ploughed in early in spring 
has been found highly advantageous (British Husbandry, I., p. 407.) It 
is a more precarious, however, and a more expensive crop than either 
of the former, and requires a better soil for its successful growth. 

4°. Buck- Wheat is also too uncertain a crop, and the high price of 
its seed renders it inferior in value to spurry on sandy soils. It is su- 
perior to this latter plant, however, on poor heaths. In Southern 
Germany it is sown on the stubble, and ploughed in when it is 18 or 
20 inches high. 

5°, Rape can only be sown upon a soil which is already in some 
measure rich, but it has the advantage of continuing to grow very late 
in the autumn, and of beginning again very early in spring. It sends 
down deep roots also, and loosens clayey soils by its thick stems. In 
the light soils of Alsace it is sown after early peas and potatoes, and 
manures the land for the succeeding crop of wheat or rye. 

5°. Rye is pronounced by Von Voght to be the best of all green 
manures for sandy soils, but it is also the most expensive. It is a 
very sure crop and begins to grow very early in the spring, but it is 
not deep rooted. It has been used with advantage in Northern Italy 
and in Germany. 

6°. Turnips have been sown in Sussex with good effect as a stub- 
ble crop for ploughing in in spring, and in Norfolk and elsewhere the 
portions of the turnip bulbs which are left when they are eaten off 
by sheep contribute, when ploughed in, to enrich the land for the 
barley that is to follow. Turnip tops are in many places ploughed 
in with much benefit to the land.* Potatoe tops also might be dug 
or ploughed in with equal advantage. 

7?. Borage has been strongly recommended in Germany, and es- 
pecially by Lampadius. It is stated by this experimenter that borage 
draws from the air ten times as much of the elements of its organic 
matter as it does from the soil, and that therefore it is admirably fitted 
for enriching the land on which it grows. 

8°. Red Clover is often ploughed in as a manure. On the Rhine it 


* “] find no better way of manuring for wheat after turnips, than ploughing in the tops 
while etill green, as soon as the turnips are taken off the land,”—.Mr. Campbell, of Craigie. 
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1s sown for this purpose, being ploughed in before it begins to flower. 
In French Flanders two crops of clover are cut, and the third ploughed 
in, and in some parts of the United States of North America the clover 
which alternates with the wheat crop is ploughed in as the only ma- 
nure (Barclay’s “ Agricultural ‘Tour in the United States.”) White 
Clover is not so valuable for this purpose, for neither is it so deep 
rooted nor does it yield so Jarge a crop of stems and leaves. 

9°. Old Grass.—Perhaps the most common form of green manur- 
ing practised in this country is that of ploughing up grass lands of 
various ages. The green matter of the sods serves to manure the 
after-crop, and renders the soil capable of yielding a richer return at 
a smaller expense of manure artificially added. 

In regard to all these forms of green manuring it is to be observed 
that they enrich the soil generally, and are therefore well fitted to 
prepare it for after-crops of corn; they will not fit it, however, for a 
special crop, such as turnips, which requires to be unnaturally forced 
or pushed forward at a particular period of its growth. 


§4. Will green manuring alone prevent land from becoming exhausted? 


If by green manuring is meant the growing of vegetable matter upon 
one field, and ploughing it in green into another, as is sometimes done, 
it may be safely said that, when judiciously practised, land may by 
this single process be secured for an indefinite period against ex- 
haustion. But if we plough in only what the land itself produces, 
and carry off occasional crops of corn, the time will ultimately come 
when any soil thus treated will cease to yield remunerating crops. A 
brief consideration of the subject will satisfy you of this. 

Suppose a loose sand to be improved by repeatedly sowing and 
ploughing in crops of spurry or white lupins, the green leaves and stems 
fix the floating elements of the atmosphere, and enrich the soil with or- 
ganic matter, while the roots, more or less deep, bring up saline matters 
to the surface, and thus supply to the plant what is no less necessary to 
its healthy growth. But the rains yearly wash away from the surface, 
and the corn crops remove, a portion of this saline matter. This portion 
the crops grown for the purpose of green manuring yearly renew by 
fresh supplies from beneath. But no subsoil contains an inexhaustible 
store of those saline substances which plants require. Hence, though by 
skilful green manuring waste land may be brought to a remunerative 
state of fertility, it will finally relapse again into a state of nature, if no 
other methods are subsequently adopted for maintaining its productive- 
ness. The process may bea slow one, and practical men may be un- 
willing to believe in the possibility of a result which does not exhibit it- 
self within the currency of a single lease, or during a single life-time— 
yet few things are more certain than that in general the soil must sooner 
or later receive supplies of saline manure in one form or another, or 
else must ultimately become unproductive. It may be considered as 
a proof of this fact that, in all densely peopled countries in which 
agriculture has been skilfully prosecuted, the manufacturing of such 
manures has become an important branch of business, giving em- 
ployment to many hands, and affording an investment to much capital. 

The following table, in addition to other particulars, exhibits the 
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relative proportions of dry organic and saline matter, capable of be- 
ing added to the surface soil by a few of those plants which are em- 
ployed for the purposes of remanuring :— 


Average 1000 Ibs. contain 


produce|in the green state|Depth of Crops Soil for which they are 
Kind of Plant. |perimp.|Organic,Saline | Roots. fitted. 
| acre. |Matter. |Matter. vee 
lbs ibs. Ibs. inches. 
Spurry...... 6,500} 199} 21 |12 to 152 or3 |Dry, loose, sandy. 
White Lupin. 25,000} 188 | 12 (24 to 26 or 14)Any except marly or 
caleareous. 
Wetebie erin. 11,000} 233 | 17 |15to20 2 |Strong soil. 
Buck-wheat..| 8,000) 170] 10 |12to15) 2 |Dry, sandy, or moorish. 
(22) ae els Bip ees 16,000} 214 [{ 16 2  !1 or 14]Rich soil. / 


§ 5. Of the practice of green manuring. 


In the practical adoption of green manuring it is of importance to 
bear in mind— 

1°. That a sufficient quantity of seed must be sown to keep the 
ground well covered, one of the attendant advantages of stubble 
crops being that they keep the land clean and prevent it from becom- 
ing a prey to weeds. 

2°. That the plants ought to be mown or harrowed, and at once 
ploughed in before they come into full flower. The flower-leaves 
give off nitrogen into the air, and as this element is supposed especi- 
ally to promote the growth of plants, it is desirable to retain as much 
of it in the plant and soil as possible. Another reason is that, if al- 
lowed to ripen, some of the seed may be shed and afterwards infest 
the land with weeds. 

3°. That they should be plotighed in to the depth of 3 or 4 inches 
only, that they may be covered sufficiently to prevent waste, and yet be 
within reach of the air, and of the early roots of the succeeding crop. 


§ 6. Of natural manuring with recent vegetable matter. 


Besides the method of ploughing in, which may be distinguished as 
artificial green manuring,—there 1s another mode in which recent ve- 
getable matter is employed in nature for the purpose of enriching the 
soil. The natural grasses grow and die upon a meadow or pasture field, 
and though that which is above the surface may be mowed for hay, or 
cropped by cattle, yet the roots remain and gradually add to the quantity 
of vegetable matter beneath. The same is the case to a greater or less 
extent with all the artificial corn, grass, and leguminous crops we grow. 
They all leave,their roots in the soil, and if the quantity of organic mat- 
ter which these roots contain be greater than that which the crop we car- 
ry off has derived from the soil, then, instead of exhausting, the growth 
of this crop will actually enrich the soil in so far as the presence of or- 
ganic matter is concerned. No crops, perhaps, the whole produce of 
which is carried off the field, leave a sufficient mass of roots behind them 
to effect this end, but many plants, when in whole or in part eaten upon 
the field, leave enough in the soil materially to improve the condition of 
the land—while in all cases those are considered as the least exhaust- 
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ing, to which are naturally attached the largest weight of roots. Hence, 
the main reason why poor lands are so much benefitted by being laid 
down to grass, and why an intermediate crop of clover is often as benefi- 
cial to the after-crop of corn as if the land had lain in naked fallow. (If 
the third crop be ploughed in, the land is actually enriched.—Schwertz.) 

An interesting series of experiments on the relative weights of the 
roots and of the green leaves and stems of various grasses, made by 
Hlubek, (Ernihrung der Pflanzen, p. 466,) throws considerable light 
upon their relative efficacy in enriching the soil by the vegetable mat- 
ter they diffuse through it in the form of roots. The grasses were 
grown in beds of equal size (180 square feet) in the agricultural gar- 
den at Laybach, and mown on the fourth year after sowing, just as 
they were coming into flower. The roots were then carefully taken 
up, washed, and dried. The results were as follows: 


Weight of 
Produce in Producein Roots. dry Roots 
Kind of Grass. -—_-——_ Or sot 100 Ib. 


Grass. Hay Fresh. Dry. of Hay. 


1. Festuca Elatior— Tull Fescue-grass.. 124|bs. 36 lbs. 56 lbs. 22 lbs. 61 lbs. 
2. Festuca Ovina—Sheep’s Fescue-grass. 90 30 — 8) 266 
3. Phleum Pratense— Tvmothy-grass... 90 25 56 17 60 
4. Dactylis Glomerata—Rough Cock’s- 

foot Eta gate lorntere cence ote, Hereietaiehh svete 202 67 — 224 33 
5. Lolium Perenne—Perennial Rye- 

PUSS Saye Take oe SIL. 81d ME 50 17 = 50 =. 300 
6. Alopecurus Pratensis-Meadow Fox- 

FC CeO ROME IES, conic 106 35 — 24 70 
7. Triticum Repens—Creeping Couch 

ANE Tel a E77 a a 120 60 — 10, SAG 
8. Poa Annua—Annual Meadow grass. — — — — 111 
9. Bromus Mollis and Racemosus— 

Soft and smooth Brome-grass...... = =F — — 105 
10. Anthoxanthum Odoratum— Sweet- 

scented Vernal-g7dssS.......+0 000. _— _ —_ _ 93 


A mixture of white clover, of ribwort, of hoary plantain, and of 
couch-grass, in an old pasture field, gave 400 Ibs. of dry roots to 100 
Ibs. of hay—and in a clover field, at the end of the second year, the 
fresh roots were equal to one-third of the whole weight of green clo- 
ver obtained at three cuttings—one in the first, and twoin the second 
year—while in the dry state there were 56 Ibs. of dry roots to every 
100 Ibs. of clover hay which had been carried off. 

The fourth column of the above table shows how large a quantity of 
vegetable matter some of the grasses impart to the soil, and yet how un- 
like the different grasses are in this respect. The sheep’s-fescue and 
the perennial rye-grass—hesides the dead roots, which detach them- 
selves from time to time—leave, at the end of the fourth year, a weight 
of living roots in the soil which is equal to three times the produce of 
that-year in hay. If we take the mean of all the above grasses as an 
average of what we may fairly expect in a grass field—then the amount 
of living roots left in the soil when a four-year-old grass field is plough- 
ed up, will be equal to one-sixth more than the weight of that year’s crop. 

In an old pasture or meadow field again, when ploughed up, the 
living roots left are epual to four times the weight of that year’s hay 
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crop. If a ton and a half of hay have been reaped—then about six 
tons of dry vegetable matter remain in the soil in the form of roots. 

In the case of clover, at the end of the second year the quantity of 
dry vegetable matter left in the form of roots is equal to upwards of 
one-half the weight of the whole hay which the clover has yielded. 
Suppose there be three cuttings, yielding 4 tons of hay, then 2 tons 
of dry vegetable matter are added to the soil in the form of roots, 
when the clover stubble is ploughed up. 

But the quantity of roots, like that of green produce, is dependent 
upon a variety of circumstances. It will sometimes, therefore, be 
greater and sometimes less than is above stated. It may be received 
as a rule—not without exceptions perhaps, yet still as a general rule 
—that whatever causes an increased produce above ground, will 
cause a corresponding increase in the growth of roots. Thus nitrate 
of soda, which gives us a larger yield of hay, makes the roots also 
stronger and deeper, and the sward tougher and more difficult to 
plough (Appendix, No. III.) Hence it is that the farmer is anxious 
that his clover crop should succeed, not merely for the increased 
amount of green food or of hay it will give him, but because it will 
secure him also a better after-crop of corn. 

This burying of recent vegetable matter in the soil, in the form of 
living and dead roots of plants, is one of those important ameliorating 
operations of nature which is always to some extent going on, where- 
ever vegetation proceeds. It is one by which the practical man is 
often benefitted unawares, and of which—too often without under- 
standing the source from whence the advantage comes—he syste- 
matically avails himself in some of the most skilful steps he takes 
with a view to the improvement of his land. 


§ 7. Improvement of the soil by laying down to grass. 


One of the most common of these methods of improvement is that 
of laying down to grass. This may be done for two, three or four 
ears only, or for an indefinite period of time. In the latter case, the 
and is said to be laid down permanently, or to permanent pasture. 
1°. Temporary pasture or meadow.—lIf the land be sown with 
grass and clover-seeds, only as an alternate crop between two sow- 
ings of corn, the effect is fully explained by what has been already 
stated (§ 6.) The roots which are left in the soil enrich the surface 
with both organic and inorganic matter, and thus fit it for bearing a 
better after-crop of corn. 

If, again, it be left to grass for three or five years, the same effect is 
produced more fully, and therefore this longer rest from corn is better 
fitted for soils which are poor in vegetable matter. The quantity of 
organic matter which has accumulated becomes greater every year, in 
consequehce of the annual death ofstems and roots, and of the soil being 
more closely covered, but this increase is probably never in any one 
after-year equal to that which takes place during the first. The quan- 
tity of roots which is produced during the first year of the young plants’ 
growth must, we may reasonably suppose, be greater than can ever 
afterwards be necessary in an equal space oftime. Hence, one good 
year of grass or clover will enrich the soil more in proportion to the 
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time gees than a rest of two or three years in grass, if annually 
mowed. 

Or if, instead of being mown, the produce in each case be eaten off 
by stock, the result will be the same. That which lies longest will be 
the richest when broken up, but not in an equal proportion to the time 
it has lain. The produce of green parts, as wellas of roots, in the ar- 
tificial grasses, is generally greatest during the first year after they are 
sown, and therefore the manuring derived from the droppings of the 
stock, as well as from the roots, will be greatest in proportion during the 
first year. ‘That farming, therefore, is most economical—where the 
land will admit of it—which permits the clover or grass seeds to occupy 
the land for one year only. , 

But if, after the first year’s hay is removed, the land be pastured for 
two or three years more, it is possible that each succeeding year may 
enrich the surface soil as much as the roots and stubble of the first 
year’s hay had done; so that if it lay three years it might obtain 
three times the amount of improvement. This is owing to the cir- 
cumstance that the whole produce of the field remains upon it, ex- 
cept what is carried off by the stock when removed—but very much, 
it is obvious, will depend upon the nature of the soil, and upon the 
selection of the seeds being such as to secure a tolerable produce of 
green food during the second and third years. 

2°. Permanent pasture or meadow.— But when land is laid down 
to permanent grass it undergoes a series of further changes, which 
have frequently arrested attention, and which, though not difficult to 
be understood, have often appeared mysterious and perplexing to 
practical men. Let us consider these changes. 

a. When grass seeds are sown for the purpose of forming a per- 
manent sward, a rich crop of grass is obtained during the first, and 
perhaps also the second year, but the produce after three or four 
years lessens, and the value of the pasture diminishes. The plants 
generally die and leave blank spaces, and these again are slowly 
filled up by the sprouting of seeds of other species, which have either 
lain long buried in the soil or have been brought thither by the winds. 

This first change, which is almost universally observed in fields of 
artificial grass, arises in part from the change which the soil itself has 
undergone during the few years that have elapsed since the grass 
seeds were sown, and in part from the species of grass selected not 
being such as the soil, at any time, could permanently sustain. 

b. When this deterioration, arising from the dying out of the sown 
grasses, has reached its utmost point, the sward begins gradually to 
improve, natural grasses suited to the soil spring up in the blank places, 
and from year to year the produce becomes greater and greater, and 
the land yields a more valuable pasture. Practical men often say 
that to this improvement there are no bounds, and that the older the 
pasture the more valuable it becomes. 

But this is true only within certain limits. It may prove true for 
the entire currency of a lease, or even for the lifetime of a single ob- 
server, but itis not generally true. Evenif pastured by stock only and 
never mown, the improvement will at length reach its limit or highest 
point, and from this time the value of the sward will begin to diminish. 
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c. This, again, is owing to anew change which has come over the 
soil. It has become, in some degree, exhausted of those substances 
which are necessary to the growth of the more valuable grasses— 
less nutritive species, therefore, and such as are less willingly eaten 
by cattle, take their place. 

Such is the almost universal process of change which old grass fields 
undergo, whether they be regularly mown or constantly pastured only 
—provided they are left entirely to themselves, If mown they begin 
to fail the sooner, but even when pastured they can be kept in a state 
of full productiveness only by repeated top-dressings, especially of sa- 
line manure—that is, by adding to the soil those substances which are 
necessary to the growth of the valuable grasses, and of which it suf- 
fers a yearly and unavoidable loss. Hence, the rich grass lands of 
our fathers are found now in too many cases to yield a herbage of 
little value. Hence, also, in nearly all countries, one of the first steps 
of an improving agriculture is to plough out the old and failing pas- 
tures, and either to convert them permanently into arable fields, or after 
a few years’ cropping and manuring, again to lay them down to grass. 

But when thus ploughed out, the surface soil upon old grass land is 
found to have undergone a remarkable alteration. Whensown with 
grass seeds, it may have been astiff, more or less grey, blue, or yellow 
clay—when ploughed out it is a rich, brown, generally light and fria- 
ble vegetable mould. Or when laid down it may have been a pale- 
colored, red, or yellow sand or loam. In this case the surface soil 
is still, when turned up, of a rich brown colour—it is lighter only and 
more sandy than in the former case, and rests upon a subsoil of sand 
or loam instead of one of clay. It is from the production of this change 
that the improvement caused by laying down to grass principally re- 
sults. In what does this change consist? and how is it effected 2 

If the surface soil upon stiff clay lands, which have lain long in grass, 
be chemically examined, it will be found to be not only much richer 
in organic matter, but often also poorer in alumina than the soil which 
formed the surface when the grass seeds were first sawn upon it. 
The brown mould which forms on lighter lands will exhibit similar 
differences when compared with the soil on which it rests; but the 
proportion of alumina in the latter being originally small, the diffe- 
rence in respect to this constituent will not be so perceptible. 

The effect of this change on the surface soil {s in all cases to make 
it more rich in those substances which cultivated plants require, and 
therefore more fertile in corn. But strong clay lands derive the fur- 
ther important benefit of being rendered more loose and friable, and 
thus more easily and more economically cultivated. 

The mode in which this change is brought about is as follows :-— 

1°. The roots, in penetrating, open and loosen the subjacent stiff clay. 
Diffusing themselves every where, they gradually raise, by increasing 
the bulk of, the surface soil. The latter is thus converted into a mix- 
ture of clay and decayed roots, which is of'a dark colour, and is necessa- 
rily more loose and friable than the original or subjacent unmixed clay. 

2°. But this admixture of roots effects the chemical composition as 
well as the state of aggregation of the soil. The roots and stems of 
the grasses contain much inorganic—earthy and saline—matter (Lec. 
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_ 1X., § 1), which is gathered from beneath, wherever the roots pene- 
trate, and is by them sent upwards to the surface. A ton of hay con- 
tains about 170 lbs. of this inorganic matter (Lec. X., §3). Suppose 
the roots to contain as much, and that the total annual produce of 
grass and roots together amounts to four tons, then about. 680 lbs. of 
saline and earthy matters are every year worked up by the living 
plants, and ina great measure permanently mixed with the surface 
soil. Some of this, no doubt, is carried off by the cattle that feed, 
and by the rains that fall, upon the land—some remains in the deeper 
roots, and some is again, year after year, employed in feeding the 
new growth of grass—still a sufficient quantity is every season 
brought up from beneath, gradually to enrich the surface with valua- 
ble inorganic matter at the expense of the soil below. 

3°. Nor are mechanical agencies wanting to increase this natural 
difference between the surface and the under soils. The loosening 
and opening of the clay lands by the roots of the grasses allow the 
rains more easy access. The rains gradually wash out the fine par- 
ticles of clay that are mixed with the roots, and carry them down- 
wards, as they sink towards the subsoil. Hence the brown mould, as 
it forms, is slowly robbed of a portion of its alumina, and is rendered 
more open, while the under soil becomes even stifler than before. 
This sinking of the alumina is in a great measure arrested when the 
soil becomes covered with so thick a sward of grass as to break the 
force of the rain-drops or of the streams of water by which the land 
is periodically visited. Hence the soil of some rich pastures contaias 
as much as 10 or 12, of others as little as 2 or 3 per cent. of alumina. 

4°. The winds also here lend their aid. From the naked arable 
lands, when the weather is dry, every blast of wind carries off a portion 
of the dust. This it suffers to fall again as it sweeps along the surface 
of the grass fields—the thick sward arresting the particles and sifting 
the air as it passes through them. Everywhere, even to remote dis- 
tricts, and to great elevations, the winds bear a constant small burden 
of earthy matter ;* but there are few practical agriculturists who, du- 
ring our high winds, have not occasionally seen the soil carried off in 
large quantities from their naked fields. Upon the neighbouring grass 
lands this soil falls as a natural top-dressing, by which the texture of 
the surface is gradually changed and its chemical constitution altered. 

5°. Another important agency also must not be overlooked. In grass 
lands insects, and especially earth-worms, abound. These almost 
nightly ascend to the surface, and throw out portions of finely-divided 
earthy matter. Ona close shaven lawn the quantity thus spread over 
the surface in a single night often appears surprising. In the lapse of 
years the accumulation of the soil from this cause must, on old pasture 
fields, be very great. It has often attracted the attention of practical 
men,} and so striking has it appeared to some, that they have been in- 


* It has been observed that on spots purposely sheltered from the wind and rain on every 
side, the quantity of dust that is collected, when pressed down, is in 3 years equal to one line, 
or in 36 years to one inch in thickness.—Sprengel, Lehre vom Diinger, p. 443. 

t The permanence cf a fine carpeting of rich sweet grass upon a portion of his farm is 
ascribed (by Mr. Purdie) to “the spewings of worms, apparently immensely numerous, 
which incessantly act as a rich top-dressing.”—Prize Essays of the Highland Society, 1 
p. 191 
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clined to attribute to the slow but constant labour of these insects, the 
entire formation of the fertile surface soils over large tracts of country. 
(“ Geological Transactions.’’) 

[ have directed your attention to these causes chiefly in explana- 
tion of the changes which by long lying in grass the surface of our 
stiff clay lands is found to undergo. But they apply equally to other 
soils also—the only difference being that, in the case of such as are 
already light and open, the change of texture is not so great, and 
therefore does not so generally arrest the attention. 

Upon this subject I may trouble you further with two practical re- 
marks : 

1°. That the richest old grass lands—those which have remained 
longest in a fertile condition—are generally upon our strongest clay 
soils (the Oxford and Lias clays, Lec. XI., § 8). This is owing to 
the fact that such soils naturally contain, and by their comparative 
impermeability re-tain, a larger store of those inorganic substances on 
which the valuable grasses live. When the surface soil becomes de- 
ficient in any of these, the roots descend further into the subsoil and 
bring upa fresh supply. But these grass lands are not on this account 
exempt from the law above explained, in obedience to which all pas- 
tured lands, when left to nature, must ultimately become exhausted. 
They must eventually become poorer; but in their case the deterio- 
ration will be slower and more distant, and by judicious top-dressings 
may be still longer protracted. 

2°. The natural changes which the surface soil undergoes, and es- 
pecially upon clay lands when laid down to grass, explain why it is so 
difficult to procure, by means of artifical grasses, a sward equal to that 
which grows naturally upon old pasture lands. As the soil changes 
upon our artificial pastures, it becomes better fitted to nourish other spe- 
cies of grass than those which we have sown. These naturally spring 
up, therefore, and cover the soil. But these intruders are themselves 
not destined to be permanent possessors of the land. The soil under- 
goes a further change, and new species again appear upon it. We can- 
not tell how often different kinds of grass thus succeed each other upon 
the soil, but we know that the final rich sward which covers a grass field 
when it has reached its most valuable condition, is the result of along 
series of natural changes which time only can bring about. 

The soil of an old pasture field, which has been ploughed up, is made 
to undergo an important change both in texture and in chemical con- 
stitution, before it is again laid down to grass. The same grasses, 
therefore, which previously covered it will no longer flourish, even 
when they are sown. Hence the unwillingness felt by practical men 
to plough up their old pastares—but hence, also, the benefit which 
results from the breaking up of such as are old, worn out, or covered 
with unwholesome grasses. When again converted into pasture land, 
new races appear, and a more nourishing sward is produced.* 


* For an excellent article on the superior feeding qualities of recent artificial grasses 
over many old pasture lands, by Mr. Boswel], of Kingcaussie, see the Quarlerly Journal 
of Agriculture, N., p. 783. 
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§ 8. Improvement of the soil by the planting of trees. 


It has long been observed by practical men, that when poor, thin, 
unproductive soils have been for some time covered with wood, their 
quality materially improves. In the intervals of the open forest, they 
will produce a valuable herbage—or when cleared of trees they may 
for some time be made to yield profitable crops of corn. 

This fact has been observed in almost every country of Europe, but 
the most precise observations upon the subject with which I am ac- 
quainted are those which have been made in the extensive plantations 
of the late Duke of Athol. These plantations consist chiefly of white 
larch (Larix Euvropea,) and grow upon a poor hilly soil, resting on 
gneiss, mica-slate, and clay-slate (Lec. XL, § 8.) In six or seven 
years the lower branches spread out, become interlaced, and com- 
pletely overshadow the ground. Nothing, therefore, grows upon it 
till the trees are 24 years old, when the spines of the lower branches 
beginning to fall, the first considerable thinning takes place. Air and 
light being thus re-admitted, grasses (chiefly holcus mollis and lana- 
tus) spring up, and a fine sward is gradually produced. The ground, 
which previously was worth only 9d. or 1s. per acre as a sheep pas- 
ture, at the end of 30 years becomes worth trom 7s. to 10s. per acre. 

The soil on this part of the Duke’s estate is especially propitious to 
the larch—and, therefore, this tree both thrives best and in the great- 
est degree improves thesoil. Thus in oak copses, cut every 24 years, 
the soil becomes worth only 5s. or 6s. per acre, and this during the last 
six years only. Under an ash plantation, the improvement amounts 
to 2s. or 3s. per acre; under Scotch fir, it does not exceed 6d. an acre 
—while under spruce and beech the land is worth less than before. 
(Mr. Stephens, in the T'ransactions of the Highland Society, xi., p. 
189; also Loudon’s Encylopedia of Agriculture, p. 1346.) 

The main cause of this improvement, as of that which is produced 
by laying down to grass, is to be found in the natural manuring with 
recent vegetable matter, to which the soil year by year is so long 
subjected. Trees differ from grasses only in this, that while the lat- 
ter enrich the soil both by their roots and by their leaves, the former 
manure its surface only by the leaves which they shed. 

The leaves of trees, like those of grasses, contain much inorganic mat- 
ter, and this when annually spread upon the ground slowly adds to the 
depth as well as to the richness of the soil. Thus the leaves of the fol- 
lowing trees, when dried in the air, contain respectively of inorganic 
matter ((Sprengel, Chemie fur Landwirthe, ii., passim) :— 

April. August. November. 


Dida <2 13) <2 sista ewens = 5 per cent. 44 per cent. 
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In looking at the differences among these numbers-—especially in 
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the case of the elm and of the Scotch fir—one would naturally sup- 
pose that the diversity of their effects in improving the land is in some 
measure to be ascribed to the quantity and kind of the inorganic mat- 
ter which the leaves of these several trees ‘contain. And to this 
cause, no doubt, some effect is to be ascribed in localities where all 
the trees thrive equally. 

But upon the quantity of leaves produced, as much in general will 
depend, as upon the relative proportions of organic and inorganic 
matter which these leaves may respectively contain. And as the 
quantity of leaves is always greatest where the tree flourishes best or 
finds a most propitious soil—the improvement of the soil itself, by 
any particular tree, will be always in a great measure determined by 
its fitness to promote the growth of that kind of tree. 

On the soil planted by the Duke of Athol, the larch shot up luxu- 
riantly, while the Scotch fir lingered and languished in its growth. 
Thus the quantity of leaves produced and annually shed by the 
former was vastly greater than by the latter tree. Had the Scotch 
fir thriven better than the larch, the reverse might have been the 
case, and the value of the soil might have been increased in a great- 
er proportion by plantations of the former tree. 

Other special circumstances also will account for the relative de- 
grees of improvement produced by the larch and by some of the 
other trees—for example, the oak. In the oak copse the soil in 16 
years become worth 6s. or 8s. an acre. If, therefore, instead of being 
cut down for their bark at the end of 24 years, the trees had been al- 
lowed to grow up into an oak forest, the permanent improvement of 
the pasture, even on this soil. would probably have been at least as 
great as under the larch. The above experiments, therefore, are in 
reality not so decisive in regard to the relative improving power of 
the several species of trees as they at first sight appear. he most 
rational natural rule by which our practice should be guided seems 
to be contained in these three propositions— 

1°. That the soil will be most improved by those trees which thrive 
best upon it. 

2°. Among those which thrive equally, by such as yield the 
largest produce of leaves, and— 

3°. Among such as yield an equal weight of leaves, by those whose 
leaves contain the largest proportion of inorganic matter—which 
bring up from beneath, that is, and spread over the surface in largest 
quantity, the materials of a fertile soil. 

. The mode in which the lower branches of the larch spread out and 
overshadow the surface is not without its influence upon the ultimate 
improvement which the soil exhibits. All vegetation being prevented, 
the land, besides receiving a yearly manure of vegetable mould, is 
made to lie for upwards of 20 years in uninterrupted naked fallow. 
It is sheltered also from the beating of the rain drops, which descend 
slowly and gently upon it, bearing principles of fertility instead of 
washing out the valuable saline substances it may contain. 

Beneath the overshadowing branches of a forest, the soil is also pro- 
tected from the wind, and to this protection Sprengel attributes much 
of that rapid improvement so generally experienced where lands are 
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covered with wood. The winds bear along particles of earthy mat- 
ter (see note, p. 427,) which they deposit again in the still forests ; and 
thus gradually form a soil even on the most naked places. This slow 
general cause of accumulation may not be without its effect, and 
should not be forgotten, but it evidently affords no explanation why, 
in the same range of country, the soil which is covered by forests of 
one kind should improve more rapidly than those which are sheltered 
by trees of another species. 


§ 9. Of the use of sea-weed as a manure. 


Among green manures of great value and extensive application 
there remains ‘to be noticed the sea-weed or sea-ware of our coasts. 
The marine plants of which it consists differ from the green vege- 
tables grown upon land, — 

1°, By the greater rapidity with which they undergo decay. When 
laid as top-dressings upon the land they melt down, as it were, and in 
a short time almost entirely disappear. Mixed with soil into a com- 
post or with quick-lime, they speedily crumble down into a black earth, 
in which little or no trace of the plant can be perceived. 

2°. By the greater proportion of saline or other inorganic matter 
which these plants, in their dry state, contain. It is these substances 
which are obtained in the form of kelp when dry sea-weeds are burn- 
ed in the air. 

We have seen (Lec. X., § 3,) that the quantity of ash left by 1000 
Ibs. of our more usually cultivated grasses, in the dry state, varies 
from 5 to nearly 10 per cent., but the fucus vesiculosus, which is 
reckoned the most valuable for the manufacture of kelp, gives up- 
wards of 160 lbs. of ash from 100 lbs. of the dry plant. This ash, 
according to Fagerstrém, consists of— 
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161-2* 
This ash contains less potash, but more soda and gypsum, than 
those of the grasses, (Lec. X., § 3,) and hence, as you will readily 


* Berzelius Arsberattelse, 1824, p. 225—If we compare the composition of this ash with 
that of the several varieties of kelp, given in page 356, it will be seen to differ from them 
very considerably. But kelp is always manufactured from a mixture of different plants 
in varying proportions, and hence one cause of the diversily of composition among differ- 
ent samples of this substance. 

Sprengel states (Lehre vom Dinger, p. 277,) that the fucus vesiculosus contains only 16 
per cent. of water. Ido not know whether this is the result of experiments of his own, 
but I have not introduced it into the text, because it appears to me inconsistent with the 
remarkable manner in which sea-weed shrivels up when dried, and with its little perma- 
nence as amaoure. ‘If anacre of land is completely covered with it, aftera few days 
of dry weather, the whole would not weigh 590 lbs, The fibrous parts reduced to mere 
threads alone remain—so that tt is like manuring land with cobwebs’? (Dr. Walker.) This 
would seem to imply the presence of a larger quantity of water in fresh sea-weed than in 
green grass, and consequently a less efficacy as a manure when applied in equal weights. 
According to Boussingault, the fucus digitatus contains 40 per cent. of water, and the 

ucus saccharinus 76 per cent. when newly taken from the sea, and 40 per cent. after being 
dried in the air. 
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understand, may be expected to exercise a somewhat different influ- 
ence upon vegetation. ‘ 

It is of importance, however, to bear in mind that the saline and 
other inorganic matters which are contained in the sea-weed we lay 
upon our fields, form a positive addition to the land. If we ploughin a 
green crop where it grew, we restore to the soil the same saline matter 
only which the plants have already taken from it during their growth, 
while the addition of sea-weed imparts to it an entirely new supply. It 
brings back from the sea a portion of that which the rivers are con- 
stantly carrying into it, and is thus valuable in restoring, in some mea- 
sure, what rains and crops are constantly removing from the land. 

Sea-weed is collected along most of our rocky coasts—and is 
seldom neglected by the farmers on the borders of the sea. In the Isle 
of Thanet, it is sometimes cast ashore by one tide and carried off by 
the next ;—so that after a storm the teams of the farmers may be seen 
at work even during the night in collecting the weed, and carrying it 
beyond the reach of the sea (British Husbandry, IL, p. 418.) In that 
locality, it is said to have doubled or tripled the produce of the land. 
On the Lothian coasts, a right of way to the sea for the collection of 
sea-ware increases the value of the land from 25s. to 30s. an acre 
(Kerr’s Berwickshire, p.377.) In the Western Isles it is extensively 
collected and employed as a manure—(“ sea-weeds constitute one- 
half of Hebridean manures, and nine-tenths of those of the remoter 
Islands,’ Macdonald’s Agriculture of the Hebrides, p. 401,)—and 
on the north-east coast of Ireland, the farming fishermen go out in 
their boats and hook it up from considerable depths in the sea (Mrs. 
Hall’s /reland.) 

It is applied either immediately asa top-dressing, especially to grass 
lands—or it is previously made into a compost with earth, with lime, 
or with shell-sand. Thus mixed with lime, it has been used with ad- 
vantage as a top-dressing for the young wheat crop, (British Hus- 
bandry, II., p. 419;) and with shell-sand, it is the general manure for 
the potatoe crop among the Western Islanders (‘Transactions of the 
Highland Society, 1842-3, p. 766.) It may also-be mixed with farm- 
yard manure or even with peat moss, both of which it brings into a 
more rapid fermentation. In some of the Western Isles, and in Jer- 
sey, it is burned to a light, more or less coaly powder, and in this 
form is applied successfully as a top-dressing to various crops. There 
is no reason to doubt that the most economical method is to make it 
into a compost with absorbent earth and lime, or to plough it in at 
once in the fresh state. 

In the Western Islands one cart load of farm-yard manure is con- 
sidered equal in immediate effect—upon the first crop, that is—to 24 
of fresh sea-weed, or to 1j after it has stood two months in a heap. 
The sea-weed, however, rarely exhibits any considerable action upon 
the second crop. 

Sea-weed is said to be less suited to clay soils, while barren sand 
has been brought into the state of a fine loam by the constant appli- 
cation of sea-weed alone, for a long series of years (Macdonald’s 
Hebrides, p. 407.) wm 

Conflicting opinions are given by different practical men, in regard 
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to the crops to which it is best suited. But the explanation of most 
of these and similar discerdances is te be found in the answers to the 
three following questions—what substances does the crop specially 
require ?—how many of these abound in the soil ?—can the manure we 
are about to use supply all or any of the remainder ? If it can, it may be 
expected todo good. Thus simply and closely are the kind of crop, the 
kind of soil, and the kind of manure, in most cases, connected together. 


§ 10. Of manuring with dry vegetable substances. 


The main general difference between vegetable matter of the same 
kind, and cut at the same age, when applied as a manure in the green 
and in the dry state, consists in this—that in the former it decomposes 
more rapidly, and, therefore, acts more speedily. The total effect upon 
vegetation will probably in either case be very nearly the same. 

Bat if the dry vegetable matter have been cut at a more advanced 
age of the plant or have been exposed to the vicissitudes of the weather 
while drying, it will no longer exhibit an equal efficacy. A ton of dry 
straw, when unripe, will manure more richly than a ton of the same 
siraw in its ripe state—not only because the sap of the green plant 
contains the materials from which the substance of the grain is after- 
wards formed—but, because, as the plant ripens, the stem restores to the 
soil a portion of the saline, especially of the alkaline, matter it previous- 
ly contained (Lec. X., § 5.) After it is cut, also, every shower of rain 
that falls upon the sheaves of corn or upon the new hay, washes out 
some of the saline substances which are lodged in its pores, and thus 
diminishes its value as a fertilizer of the land. These facts place in 
a still stronger light the advantages which necessarily follow from 
the use ef vegetable matter in the recent state, for manuring the soil. 

1°. Dry straw.—lIt is in the form of straw that dry vegetable mat- 
ter is most abundantly employed asa manure. It is only, however, 
when already in the ground in the state of stubble, that it is usually 
ploughed in without seme previous preparation. When buried in the 
soil in the dry state, it decomposes slowly, and produces a less sensi- 
ble effect upon the succeeding crop; it is usually fermented, there-. 
fore, more or less completely, by an admixture of animal manure in 
the farm-yard before it is laid upon the land. During this fermenta- 
tion a certain unavoidable loss of organic, and generally a large loss of 
saline matter, also takes place (see in the succeeding lecture the sec- 
tion upon mixed animal and vegetable manures.) It is, therefore, the- 
oretically true of dry, as it is of green, vegetable matter, that it will add 
most to the soil, if it be ploughed in without any previous preparation. 

Yet this is not the only consideration by which the practical man 
must be guided. Instead of a slow and prolonged action upon his 
crops, he may require an immediate and more powerful action for a 
shorter time, and to obtain this he may be justified in fermenting his 
straw with the certainty even of an unavoidable loss. Thus the dis- 
puted use of short and long dung becomes altogether a question of 
expediency or of practical economy. But to this point I shall again 
recur when treating of farm-yard manure in the succeeding lecture. 

2°. Chaff partakes of the nature of straw, but it decomposes more 
slowly when buried in the soil in the dry state. It is also difficult to 

19. 
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bring into a state of fermentation, even when mixed with the liquid 
manure of the farm-yard. 

3°. Rape-dust— When rape seed is exhausted of its oil, it comes 
from the press in the form of hard (rape) cakes, which, when crushed 
to powder, form the rape-dust of late years so extensively employed as 
amanure. It is occasionally mixed with farm-yard dung, and applied 
1o the turnip crop, but its principal employment has hitherto been, I 
believe, as a top-dressing for the wheat crop, either harrowed in with 
the seed in October, or applied to the young corn in spring. 

Rape-dust requires moisture to bring out its full fertilizing virtues ; 
hence it is chiefly adapted to clay soils or to such as rest upon a stiff 
subsoil. It is seldom applied, therefore, to the barley crop, and even 
upon wheat it will fail to produce any decidedly good effect in a ver 
dry season. Several interesting circumstances have been experi- 
mentally ascertained in regard to the action of rape-dust, to which it 
is proper to advert :— 

a. That in very dry seasons it may produce little benefit upon tur- 
nips, potatoes, and other crops, while in the same circumstances the 
effect of guano may be strikingly beneficial. Thus in one experi- 
ment, made in 1842, upon unmanured land sown with turnips— 

16 cwt. of rape-dust gave 3} tons of bulbs per acre. 
2 cwt. of guano gave 5 do. 
Unmanured gave 3k do. 
And in another, in the same season, upon unmanured land— 
1 ton of rape-dust gave 144 tons of bulbs per acre. 
3 cwt. of guano gave 233 do. 
Unmanured gave 123* do. 

Again, upon potatoes, planted without other manure, in three ex- 

periments the produce per acre, 77 tons, was as follows :— 


Unmanured. 1 ton Rape-dust. 3cwt. Guano. 4 cwt. Guano. 
White Don Potatoes... .. — 124 183 — 

Red Don Potatoes. ...... 6} 10 — 144 
Connaught Cups........ 54 13 = 133 


In none of the above experiments did the action of the large quan- 
tity of rape-dust equal that of the comparatively small quantity of 
guano—though, from being buried in the soil, the difference was less 
' striking in the case of the potatoe crops. 

b. Rape-dust may actually cause the crop to be less than the land 
alone would naturally produce—if in a dry season it be laid on in 
any considerable quantity. 

Thus in 1842, in an experiment upon Oats, made at Lennox Love— 

16 ewt. of rape-dust gave 45 bushels. 
2 cwt. of guano gave 68 do. 
Unmanured soil gave 49 do. 

In this property of injuring the crop, when rain does not happen to 
fall, rape-dust resembles very much those saline substances which, as 
we have seen, may often be applied with much advantage to the land. 

c. Yet it would appear to exercise less of this evil influence upon 
wheat and beans, and in similar circumstances. Thus in the same 


* See Appendix, No. VIIL 
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sage 1842, and in the same locality, Lennox Love, a crop of wheat, 
with— ; 
16 cwt. of rape-dust gave 51 bushels per acre. 
2cwt.of guano gave 48 do. 
Unmanured gave 471 do. 
And a crop of beans, with— 
16 ewt. of rape-dust gave 38 bushels. 
2 cwt. of guano gave 354 do. 
Unmanured gave 30 do. 
_ In both of these cases, notwithstanding the drought, the rape-dust 
improved the crop, and though not sufficiently so to pay the cost of the 
application, yet to a greater extent than the same quantity of guano. 
It is deserving of investigation, therefore, whether rape-dust be more 
especially adapted to wheat and beans. Even in favorable seasons 
it may possibly prove more economical than guano as a manure for 
these two crops (see Appendix, No. VIII.) 

d. But even in favorable seasons, and to the wheat crop, there is 
reason to believe that rape-dust cannot be economically applied in more 
than acertain, perhaps variable, quantity per acre. Thus four equal 
plots of ground (nearly half an acre each,) sown with wheat, were top- 
dressed with rape-dust in different proportions with the following results: 

With 7 cwt. the produce was 26 bushels of market corn. 


With 10 ewt. the produce was 28 do. 
With 15 cwt. the produce was 294 do. 
With 26 ewt. the produce was 273 do. 
Unmanured the produce was 224* do. 


In this experiment not only was the crop diminished when more 
than 15 ewt. was added, but the increased produce was not sufficient 
to defray the additional cost of the application, when more than 7 
cwt. of rape-dust was put on. 

e. It may be noticed as another curious fact, that the action of 
rape-dust is dependent upon the presence or absence of certain other 
substances in the soil. Common salt and sulphate of soda, when 
mixed with it under certain circumstances, lessen the effect which it 
vrould produce alone, and the same will probably happen when it is 
applied, without admixture, to soils in which these saline compounds 
happen to be already present. Some remarks upon this interesting 
point will be found in the Appendix, No. VITI. 

4°. Lintseed, poppy-seed, cotton-seed, and cocoa-nut cakes.—T he 
cake which is left when other oils are extracted from the seeds or fruits 
in which they exist is, also, in almost every case, useful as a manure. 
Thus the seeds of the cotton plant yield an oil and leave a cake which is 
now used asa manure in the United States. though little known as yet, I 
believe, in England. The cocoa-nut cake is employed in Southern In- 
dia partly in feeding cattle and partly asa manure for the cocoa-nut tree 
itself. Some trials have recently been made with it among ourselves, 
but I am ignorant of the precise results. In this country lintseed cake 
is made in large quantity, but as it is relished by cattle, is fattening, and 
enriches the droppings of the stock fed upon it, it is seldom applied di- 


* British Husbandry, I., p. 412. 
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rectly to the land. In France and some parts of Belgium, where the 
poppy is largely cultivated for the oil yielded by its seeds, the cake 
which these seeds leave is highly esteemed as a manure. 

5°. Malt-dust— When barley is made to sprout by the malster, and 
is afterwards dried, the small shoots and rootlets drop off, and form 
the substance known by the name of malt-dust. One hundred bushels 
of barley yield 4 or 5 bushels of this dust. It is sold at the rate of 
from 5s. to 8s. a quarter, and has been applied with success as a top- 
dressing to the barley and wheat crops. It may also be drilled in 
with turnips or dusted over the young grass in spring. 

6°. Saw-dust is usually rejected by the agriculturist, in consequence 
of the difficulty which is generally experienced in bringing it into a state 
of fermentation. It decomposes slowly when ploughed into the soil in 
its dry state, but it nevertheless gradually benefits the land, and should 
not, therefore, be permitted in any case to run to waste. It forms an 
excellent absorbent also for liquid manures of any kind, which it pre- 
serves from sinking too rapidly when they are to be applied to porous, 
sandy, or chalky soils, while these liquids again hasten the decomposi- 
tion of the saw-dust and augment its immediate effect upon the land. In 
localities favorable for the collection of sea-weed, it may also be more 
rapidly fermented by an admixture with this substance. Saw-dust 
forms an ingredient in some of the mixed manures which have re- 
cently come into use (see Appendix, No. VIII., Exp. B.) 

7°. Dry leaves may either be dug into the land at once, or may be 
laid up in heaps, when they will gradually decay, and form, in most 
cases, an enriching manure. They gradually improve the soil (as 
we have already seen, p. 429,) on which they annually fall, but the 
same quantity of leaves will do more good if collected and immedi- 
ately dug in, or if made into a compost heap, than if left to undergo 
a slow natural decay on the surface of the land. 


§ 12. Of the use of decayed vegetable matter as a manure. 


The most abundant forms of partially decayed vegetable matter 
which come within the reach of the practical farmer, are peat and 
tanner’s bark. 

1°. Peat.—-To soils which are deficient in vegetable matter, it is 
clear that a judicious admixture of peat must prove advantageous, be- 
cause it will supply some at least of those substances which are neces- 
sary to the production of a higher degree of fertility. But peat decays 
very slowly in the air, and hence its apparent effect when mixed with 
the soil is very small. It may gradually ameliorate its quality, espe- 
cially if the soil be calcareous, but it will not immediately prepare the 
jand for the growth of any particular crop. But if the obstacles to 
its further decomposition be removed—that is, if by artificial means 
its decay be promoted—then its immediate and apparent effect upon 
the soil is increased, and it becomes an acknowledged fertilizing ma- 
nure. Different methods have been successfully practised for bring- 
ing it into this more rapid state of decay or fermentation. 

a. The half-dried peat may be mixed with from one-fourth to one- 
half of its weight of fermenting farm-yard manure—the whole heap 
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being carefully covered over with a layer of peat to prevent the es- 
cape of fertiizing vapors. By this method—first introduced to pub- 
lic notice by the late Lord Meadowbank—the entire mixture is gra- 
dually brought into an equable state of heat and fermentation, and 
as a manure for the turnip crop, is said to be as efficacious as an 
equal weight of unmixed farm-yard manure. 

6. Or the liquid manure of the farm-yard may be employed for the 
same purpose, either in whole or in part. If the heap of mixed peat 
and dung be watered occasionally with the liquid manure, the fer- 
mentation will be more speedily effected, and at a less expense of 
common farm-yard dung. Or the half-dried peat may be used un- 
mixed, as an absorbent for the liquid of the farm-yard, by which, 
without other aid, it will be brought into a state of fermentation with 
comparative rapidity. 

c. Or instead of the liquid manure, the ammoniacal liquor of the 
gas-works may be employed, with less prominent benefit certainly, 
but still with great advantage. 

d. Or the peat may be mixed with from one-sixth to one-fourth of its 
bulk of fresh sea-weed, the rapid decay of which will gradually reduce 
the entire heap into a fertilizing mass (British Husbandry, IL., p. 417.) 

e. Or rape-dust in the proportion of 1 ton to 30 cubic yards may 
be mixed with the half-dried peat from two to six weeks before the 
time of sowing the turnip crop. The fermentation of the rape-dust 
takes place so quickly, that this short time is usually sufficient to con- 
vert the whole into a uniform and rapidly decaying mass. 

In short, it is only necessary to mix half-dried peat with any sub- 
stance which undergoes rapid spontaneous decomposition—when it 
will more or less speedily become infected with the same tendency to 
decay, and will thus be rendered capable of ministering to the growth 
of cultivated plants. 

2°. Tanner’s bark is still more difficult to reduce or to bring intoa 
rapid state of decomposition. Any of the methods above recommended 
for peat, however, will to a certain extent succeed also with the spent 
bark of the tan pits. But in the case of substances so solid and refrac- 
tory as the lumps of bark are, the admixture of a quantity of lime and 
earth, so as to form a compost heap, is perhaps the most advisable 
mode of procedure. ‘The way in which lime promotes the decay of 
woody fibre in such heaps has already been explained (see p. 382.) 


§ 13. Use of charred vegetable matters as a manure. 


Soot and charcoal are the principal substances of this class which 
have been more or less extensively employed for the purpose of in- 
creasing the productiveness of the land. 

1°. Soot is a complicated and variable mixture of substances pro- 
duced during the combustion of coal. Its composition, and consequent- ~ 
ly its effects as a manure, vary with the quality of the coal, with the 
way in which the coal is burned, and with the height of the chimney 
in which it is collected. 

Soot has not been analyzed since the year 1826, when a variety ex 
amined by Braconnot was found by him to consist in a thousand parts ot 
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Ulmic acid? (a substance resembling that portion of the 
vegetable matter of the soil which is soluble in caustic 
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The earthy substances which the soot contains are chiefly derived 
from the walls of the chimney, and from the ash of the coal, part of 
which is carried up the chimney by the draught. These, therefore, 
must be variable, being largest in quantity where the draught is strong- 
est and where the earthy matter or ash in the coal is the greatest. The 
quantity of gypsum present depends upon the sulphur contained in the 
coal,—that which is freest from sulphur will give a soot containing the 
least gypsum. The ammonia and the soluble substances containing ni- 
trogen will vary with the quantity of nitrogen contained in the coal and 
with certain other causes—so that the composition of different samples 
of soot may be very unlike, and their influence upon vegetation there- 
fore very unequal. The consequence of this must be, that the results 
obtained in one spot, or upon one crop, are not to be depended upon, as 
indicative of the precise effect which another specimen of soot will 
produce in another locality, and upon another crop even of the same 
kind. And thus it happens that the use of soot is more general, and 
is attended with more beneficial effects, in some districts than in others. 

a. In general it may be assumed that where ammonia or its salts 
will benefit the crop, soot also will be of use, and hence its successful 
application to grass lands. From its containing gypsum it should also 
especially benefit the clover crops. Yet Dr. Anderson says, “T have 
used soot as a top-dressing for clover and rye-grass in all proportions, 
from one hundred bushels per acre to six hundred, and I cannot say 
that ever I could perceive the clover in the least degree more luxuri- 
ant than in the places where no soot had been applied. But upon 
rye-grass its effects are amazing, and increase in proportion to the 
quantity so, far as my trials have gone.” (Dr. Anderson’s Essays, 
edit. 1800, ii., p. 304.) And his general conclusion is, that soot does 
not affect the growth of clover inany way, while it wonderfully promotes 


* Annales de Chemie et de Physique, xxxi., p. 37. 


ACTION OF 800% UPON WHEAT AND OATS. 439 


that of rye-grass. Will any of you, by experiment, ascertain if such 
be really the case with the soot of your own neighborhood ? 

b. The presence of ammonia in soot causes it, when laid in heaps, 
to destroy all the plants upon the spot ; and Dr. Anderson adds the in- 
teresting observation, “that the first plant which appears afterwards 
is constantly the common couch-grass (¢riticum repens). (Dr. Ander- 
son’s Essays, edit. 1800, ii., p. 305.) 

c. This ammonia also. causes soot to injure and diminish the crop in 
very dry seasons. Thus the produce of a crop of beans, after oats, in 
1842, upon an 

Unmanured part of the field was............. 292 bushels. 
Dressed with 4 bushels of soot................28 bushels.* 

It also diminished, in a small degree, the potatoe crop in the same 
year in the experiments of Lord Blantyre, at Erskine (Appendix, No. 
IX.)— 

With manure alone, the produce was...........11 tons 17 ewt. 

With 30 bushels of soot sprinkled over the dung.11 tons 4 ewt. 

Like rape-dust (p. 434) and saline substances, therefore, soot seems 
to require moist weather, or a naturally moist soil, to bring out all its 
virtues. 

d. Yet even in the dry season of 1842, its effect upon wheat and oats 
ia the same locality ferns) was very beneficial. Thus the com- 
parative produce of these crops, when undressed and when top-dress- 
ed with 10 bushels of soot per acre, was as follows :-— 

RDARINAMG CD 42 oye spe) i 4 nstsne dss Wheat 44........ Oats 49. 
Top-dressed with soot......... Wheat 54........ Oats 55. 

But the dressed wheat was inferior in quality to the undressed—the 
former weighing only 58, the latter 62 lbs. a bushel. In the oats there 
was no difference. Are we to infer from these results that, even in 
dry seasons, soot may be safely applied to crops of corn, while to pulse 
and roots it is sure todo no good 2? Further precise observations, no 
doubt, are still necessary—and the more especially as the experiments 
upon oats and wheat, made in the still drier locality of Lennox Love 
(Appendix, No. VIII.), gave a decrease in the produce of grain—while 
in Mr. Fleming’s experiments upon turnips (Appendix, No. VIII.), 50 
bushels of soot, applied alone, gave an increase of 4 tons in the crop. 

e. An experiment of Lord Blantyre’s (Appendix, No. [X.), enables 
us to judge of the efficacy of soot in a dry season, compared with that 
of nitrate of soda and of guano upon the produce of hay. Thus the 
crop of hay, per imperial acre, from the 


Cost. 
tons. cwrts. £ is. 
Undressed portion, weighed.............- 1 — 
Dressed with 40 bushels of soot...........1 15 011 8 
160 Ibs. nitrate of soda.......1 19 LA5SL9 
POO US ONAN oes can) np en 2 2 115,,,9 


In this experiment the soot proved a more profitable application than 
either of the other manures. 
f. In regard to this substance, I shall only advert to one other obser- 


* See Appendix, No. VIIL 
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vation—but it is an important one—made by Mr. Morton, when des- 
cribing the management of a well conducted farm in Gloucestershire, 
(that of Mr. Dimmery, described in the Journal of the Royal Agri- 
cultural Society, 1., p. 400.) “The quantity of soot used upon this 
farm amounts to 3000 bushels a-year, one-half of which is applied to the 
potatoe, the other half tothe wheat crop.” All the straw grown upon 
this farm is sold for thatch, and for the last 30 years the only manure 
that has been purchased to replace this straw is the soot, which is 
brought from Gloucester, Bristol,* and Cheltenham. Soot no doubt 
contains many things useful to vegetation, yet where all the produce is 
carried off, and soot only added in its stead—even the rich soils of the 
vale of Gloucester cannot be expected to retain a perpetual fertility. 
The slow changes which theory indicates may altogether escape the 
observation of the practical man, who makes no record of the history 
of his land, and yet may be ever slowly proceeding. 

2?. Charcoal.— W ood-charcoal, from its porous nature, and its tend- 
ency to absorb animal odors and other unpleasant efflavia (Lec. f..§ 2), 
has beeu found, when reduced to fine powder, to be an excellent admix- 
ture for night soil, for liquid manure, and for other substances which 
undergo putrescent decay. It is therefore employed to a considerable 
extent by the manufacturers of artificial manures. It is also applied 
with advantage in some cases as a top-dressing to various cropst—its 
efficacy being probably due in part to its power of absorbing from the 
air, or of retaining in the soil, those gaseous substances which plants re- 
quire, and in part to the slow decay which it is itself capable of under 
going. In moist charcoal powder seeds are said to germinate with 
great ease and certainty. 

3°. Coal-tar.— Another product of coal, the tar of the gas-works, has 
recently been recommended as an admixture for peat and similiar com- 
posts, and it is one of the substances with which Mr. Daniel impreg- 
nates his saw-dust in the manufacture of his patent manure. It is im- 
possible to say how much of the good effect derived from the use of 
such mixtures as that described in the Appendix, No. VIII., is due to 
the coal-tar they contain,—and as no experiments have hitherto been 
made from which the true action of coal-tar can be inferred, it may 
still be considered as a matter of doubt whether it ean at all add direct- 
ly to the fertility of the soil. 


§ 14. Of the theoretical value of different vegetable substances 
as manures. 


Vegetable manures are known to differ in fertilizing virtue. Thus, 
1 ton of rape-dust is said to be equal to 16 of sea-weed or to 20 of farm- 
yard manure. On what principles do these unlike fertilizing virtues 
depend ? 

1°. According to Boussingault and other French authorities, the re- 
lative efficacy of all manures depends upon the proportions of nitrogen 


* At Bristol the price of soot is 9d. a bushel, at Gloucester only 6d., yet the former is pre- 
ferred even at the higher price. It is of better quality, owing, it is said, to the greater length 
of the chimnies—it may be also to the quality of the coal and to the way it is burned. 

+ See Mr. Fleming’s experiment upon Swedes (Appendix No. VIIL), in which 50 bush- 
els of charcoal powder increased the crop by three tons an acre, 
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they severally contain, (Annales de Chemie et de Phys., 3d series, IIL, 
p-76.) And taking farm-yard manure—consisting of the mixed drop- 
pings and litter of cattle—as a standard, they arrange vegetable sub- 
stances, as manures, in the following order of value :— 


Equal effects are produced by 


Farm-yard’manure.....--2...---.+:. 1000 Ibs. 
Potatoe and turnip (?) tops............ 750 “ 
Grarrot fopspee, wish wets. ashne a Hote 470 « 
Watiral aus Oe 25 2 ee Sac, - 760 “ 
COVER LEGS teears salon 5 12cS eran Os 
Hresh sea=weedae.2. 25-6 22 2. 450 to 750 “ 
Sea-weed dried in the air.............. 300 * 
PEPSI S See Seal Se ER tee et Dao. 5 
WYiINe@ateetraws-- 52 oc a A 750 to 1700 “ 
We) Ae SU ee Seg ae Se See 0 RS 
eR SEE Ss cain an a bathe dV a etic Te, as 
EVE SUP AN eo ood an a ya yto nc me UU UO eerie 
Buck-witeat Straws so. ] am oe <0 hoses 850 “ 
Wihteat chatt. +. .0 rs soa. Raga ae eee 470 %& 
Mirssaw-duct*c2sn: ones ee eee 1700 to 2500 “* 
Cae OO Oo ee ee 750 « 
Pune trommceals iP hey Ne se eee OOO 
Pte afl TAPe-Utine "2.0 se ees eye OU 


The numbers in this table agree with the results of experiment in 
so far as they indicate that green substances generally, when ploughed 
invas manures, should enrich the soil more tnan an equal weight of 
farm-yard manure—that the roots of clover should be more enriching 
still—and that sea-weed is likewise a very valuable manure. They 
agree also with practical observation in placing pea, and probably 
bean straw, far above the straws of wheat, oats, &c., in fertilizing 
power, and in representing soot and rape-dust as more powerful than 
any of the other substances in the table. So far, therefore, a certain 
general reliance may be placed upon the fertilizing value of a sub- 
stance as represented by the proportion of nitrogen it contains. 

But if we bear in mind that plants, as we have frequently had occa- 
sion to mention, require inorganic as well as organic food, it is quite 
clear that the mere presence of nitrogen in a substance is not sufficient 
to render it highly nutritive to growing plants. Otherwise the salts 
of ammonia would be the richest manures ofall, and would best nourish 
and bring to perfection every crop and in all cireumstances—which ex- 
perience has proved to be by no means the case. Hence 

2°. The value of vegetable substances as manures must depend in 
some degree upon the quantity and kind of inorganic matter they 
contain. In reference to the quantity of inorganic matter which they 
respectively impart to the soil, their relative values are represented 
by the following numbers :— 

19* 
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One ton contains of inorganic | 
matier about 


Potato"tops, green. -- 22225. 26 Ibs. 
Turnip tops, d0i> sae eae eee 
Carrot tops, Gece «sane: oe 45 “ 
Rye-grass, dolor sree oe 30) 
Vetch, dos sch Pate 38a" 
Green sea-weed, do.....-..--.... 22 * : 
ray. Si4 Shae see tae 90 to 180 “ 
Pea straw 9:5 2225 22s seeee se LOO 
Bean ‘straw . :-. 2. 222,222 60 to 80 “ 
Wheat: straw: s: 3222838: 70 to 360 “ 
Oat straw! 320! See LOO Mo aA 80S 
Barley straw? ’. 222)... 210018: 1200 
bye straw. 222222 J) SO te 0 € 
Rapwaw-dast). 432 Yeahs Mae Gos 
Dale sawdust? | PPS AN Die 
OO. te ee ee ln ea 500“ 
Eeagpe-GUst. 2... se .j2 eee ees ht ad 


This table places the several vegetable substances in an order of 
efficacy considerably: different from the former, in which they are 
arranged according to the quantity of nitrogen they respectively con- 
tain. We know that wood-ashes (p. 353), kelp, and the ashes of straw 
(p. 356), do promote the fertility of the land, and therefore the abso- 
lute as well as the relative efficacy of the above vegetable substances 
must depend in some degree upon the quantity of inorganic matter 
they contain. But we should be wrong were we to ascribe the total 
effect of any of them to the inorganic matter alone. 

3°. Even the carbonaceous matter of plants contributes its aid in 
increasing the produce of the soil, by supplying, either directly or in- 
directly, a portion of the necessary food of plants. This has already 
been shown in various parts of the preceding lectures. 

-It is the property of substances which contain a larger proportion 
of nitrogen, to undergo rapid decay in the presence of air and moisture, 
and thus to produce a more immediate and sensible action upon grow- 
ing plants. But the carbon changes more slowly, and the inorganic 
matter also separates slowly from decaying vegetables in the soil— 
and hence the apparent effects of these constituents are less striking. 
Thus the immediate and visible effect of different vegetable substances, 
in the same state, is measured by the relative quantities of nitrogen 
they contain—their permanent effects by the relative quantities of in- 
organic and of carbonaceous matters. Inthe case of rape-dust, for ex- 
ample, the immediate effect is determined chiefly by its nitrogen—the 
permanent effects, by the ash it leaves when burned, or when caused 
to undergo complete decay in the air. 


LECTURE XVIII. 


Animal manures.—Flesh, blood, and skin.—Wool, woollen rags, hair, horn, and bones.—On 
what does the fertilizing action of bones depend ?—Animal charcoal and the refuse of the 
sugar refineries.—Fish and fish-refuse, whale blubber and oil.—Relative fertilizing value 
of the substances previously described.—Pigeon dung.—Dung of sea-fowl: guano.— 
Liquid manures: the urine of various animals.—Mixed animal and vegetable manures.— 
Night soil, the droppings of the horse, the cow, the pig.—Effects of digestion upon vege- 
table food —Why equal weights of vegetable matter, and the droppings of animals fed 
upon it, possess different fertilizing powers.—Farm-yard dung.—Weight of dung pro- 
duced from a given weight of grass, straw, and other prodneae undergone by 
farm-yard manure during fermentation.—Improvement of the soil by irrigation. 


ANIMAL substances have always been considered as more fertilizing 
to the land than such as are of vegetable origin. Their action is in 
general more immediate and apparent, and it takes place within such a 
limited period of time that the farmer can calculate upon its being ex- 
ercised in benefitting the crop to which it isapplied. ‘The reason of this 
more immediate action will presently appear. 


§ 1. Of flesh, blood, and skin. 


1°. Flesh.—The flesh of animals is not only a rich manure 1n itself, 
but the rapidity with which it undergoes decay in our climate enables 
it speedily to bring other organic substances with which it may be mixed 
into a state of active fermentation. It is only the flesh of such dead 
animals, however, as are unfit for food, that can be economically ap- 
plied to the land as a manure. 

The flesh of animals consists of a lean part, called the muscular fibre, 
or by chemists fibrin, and a fatty part, intermixed with the lean in 
greater or less proportion, according to the condition of the animal. 
Of these two it is the lean part which acts most immediately and most 
energetically in the promotion of vegetation. Lean-beef, in the recent 
state, contains 77 per cent. of its weight of water, so that 100 Ibs. consists 
of 77 lbs. of water and 23 lbs. of dry animal matter. 

2°. Blood.—The blood of animals is more extensively employed as 
amanure. It is carried offin large quantities from the slaughter-houses 
of the butchers, and makes rich and fertilizing composts. In some 
parts of Europe it is dried, and in the state of dry powder is applied with 
much effect as a top-dressing to many crops. 

Liquid blood consists of fibrin—the substance of lean meat, of albu- 
men—the same as the white of eggs—of a red coloring matter, and of 
certain saline substances dissolved ina considerable quantity of water. 
When blood cools it gradually congeals, and separates into two parts, 
a gelatinous red portion, called the clot, and a liquid, nearly colorless, 
part called the serum. The clot contains most of the fibrin and color- 
ing matter, and a portion of the albumen; the serum, the greater part 
of the albumen and of the soluble saline substances which are present 
in the blood. ia 

The relative composition of fresh muscular fibre and of liquid blood 


is thus represented in 100 parts :— 
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Water. Dry animal matter 
7 23 


ee espn oo Sin nino,» 2s ee i 21* 

It appears singular that the solid muscle of animals should contain 
so nearly the same quantity of water as their liquid blood does. 

But it is no less striking that the dry animal matter which remains, 
whenlean muscular fibre and when blood are fully dried, has nearly the 
same apparent composition. Thus, according to the analyses of Play- 
fair and Boeckman, dry flesh and dry blood consist respectively of— 
Dry bee Dry ox blood. 

; 51:96 


CEB ae acta tent Secchi ater an Gel eae 

Hiydrovenis. ders wi. wen . wiles 7-57 7:25 

INTERO@ ent an ao ee ate 15-07 

bo 733 3 re RC ea pS Ape .. 21:37 21-30 

DIGI OS 50 Sieh inn ante! armenia 4:23 4-42 
100 100F 


The organic part, therefore, of blood and of flesh is nearly identical 
in ultimate composition, and the final result of equal weights of each, 
when applied as manures, should be nearly the same. The ashes, how- 
ever, or inorganic part, though present in each nearly in the same pro- 
portion (4-23 and 4-42 per cent.), are somewhat different in composition, 
and therefore the action of blood and flesh will be a little unlike in so 
far as it depends upon the saline substances they are respectively capa- 
ble of conveying to the roots of plants. 

3°. Skin.—The skins of nearly all animals find their way ultimately 
into the soil as manure, in a more or less changed state. 

The refuse parings from the tan-yards, and from the curriers’ shops, 
though usually employed for the manufacture of glue, are sometimes 
used as a manure, and with great advantage. They may either be 
ploughed in sufficiently deep to prevent the escape of volatile matter 
when they begin to decay, or they may be made into a compost by 
which their entire virtues will be more effectually retained. 

Skin differs considerably in its constitution from flesh and blood. It 
contains, in the recent state, about 58 per cent. of water, and leaves, 
when burned, only 1 per cent.ofash. The combustible or organic part 
consists of— 


Cason 62 Se see 50-99 
Hydroren | 350g 3si0)..< 7-07 
Nitrogen, cite caverta time 18-72 
Owyeens nh os 5 ah os Ty 23°22 
100 


It contains, therefore, 34 per cent. more nitrogen than flesh or blood. 
So far as the fertilizing action of these substances depends upon the 
proportion of this constituent—glue, the parings of skins, and all gelati- 
a substances, will consequently exhibit a greater efficacy than flesh 
or blood. 


* Thomson’s Animal Chemistry, pp. 285 and 367. 
1 Liebig’s Organic Chemistry applied to Physiology, p. 314. 
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§ 2. Wool, woollen rags, hair, horn, and bones. 


1°. Wool, in the form of the waste of the spinning-mills, and espe- 
cially in that of woollen rags, acts very efficaciously as a manure. 
The rags are used with good effect upon light chalks and gravels, in 
which they retain the water. They are sometimes ploughed in for 
wheat along with the clover stubble, in the winter with the corn stub- 
ble, when the land is intended for turnips, and are sometimes applied 
as a top dressing to clover and grass lands (British Husbandry, L., p. 
425.) They are used most extensively, however, in the hop-grounds, 
being dug in round the roots, to which they continue for a long time to 
supply much nourishment. The estimation in which they are held may 
be judged of by the price they bring, which is from £5 to £10 a ton. 

2°. Hair also is fitted to produce effects similar to those which fol- 
low the use of wool. It can seldom, however, be obtained by the 
farmer at so economical a rate as to enable him to trust to it as an 
available resource when other manures become scarce. 

3°. Horn, in the form of horn shavings, parings, and turnings, is just- 
ly considered as a very powerful manure. Even in the state of shav- 
ings, however, it undergoes decay still more slowly than woollen rags ; 
and, therefore, like them, will always be most safely and economically 
employed when previously rotted, by being made into a compost. 

Wool, hair, and horn, differ from flesh, blood, and skin, by contain- 
ing very much less water in their natural state, and by undergoing, 
in consequence, a much slower decay, and exhibiting a much less 
immediate action upon any crop to which they may be applied. The 
intelligent farmer, therefore, will bear this important distinction in 
mind, in any opinion he may form as to the relative efficacy of these 
several substances as general fertilizers of the land. 

In chemical composition, these three substances are nearly identi- | 
eal, and they do not differ widely from the lean of beef or from dried 
blood. When burned they leave only a small quantity of ash :— 


Wool leaves............2:0 per cent. of ash. 
lait 5 nr 20-72 & te 
Pore es i 0:7 6 “ 
And the part which burns away—the organic part—consists of— 
Wool. Hair. Horn 
@Garhony we 2:7 Ba oe 50-65 51:53 51:99 
Hydrogeisas tasso1rk sa!) 258803 6-69 6°72 
Riepopntint testi si sis, 179 17-94 17-28 
Oxygen and Sulphur. ....... 24-61 23:84 24-01 
100 100 100 


The organic part of these three substances, therefore, is nearly 
identical in composition, and hence, when equally decomposed, they 
ought to produce the same effects upon the young crops. They con- 
tain a little more nitrogen than dried flesh and blood, and a little less 
than dried skin, and therefore in so far as their fertilizing action de- 

ends upon this element, they ought to occupy an intermediate place 
ee these several substances. 
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§ 3. Of the composition of bones. 4 

Few substances have of late years done so much to increase the 
agricultural produce of various parts of England as the use of crushed 
bones for manuring the land. 

1°. Recent bones contain a variable quantity of water and fat. 
The proportion of fat depends upon the position of the bone in the 
body, and upon the condition of the animal. The proportion of water 
depends partly upon the solidity of the bone and partly upon its age. 
According to Denis, the radius of a female, 

Aged 3 years, contained. ...33'3 per cent. water, with a little fat. 

Aged 20 years, “ ......13-0 “ « 

Aged 78 years, “ ......15°4 Ab os 

The quantity of water thus present in bones performs an important 
part in determining the action which bone-dust is known to exercise 
upon the land. The oil is sometimes extracted by boiling the bones. 
During this boiling they absorb more water, and thus, when laid upon 
the land, undergo a more rapid decomposition, and exercise, in conse- 
quence, a more immediate and apparent, and therefore, as some may 
think, a more powerful and fertilizing action. 

2°. But bones differ from the other animal substances already de- 
scribed chiefly by containing a much larger proportion of inorganic 
matter, or by leaving, when burned, a greater per-centage of ash. 
The quantity of inorganic matter, however, contained in bones is not 
constant. It is less in the young than in the full-grown animal—less 
in the spongy than in the compact or more solid bones—and less in 
those of some animals than in those of others. Thus, when freed 
from fat and perfectly dried— 

Of inorganic matter. 
The lower jaw-bone of an adult......... left 68-0 per cent. 

a child of 3 years. — 62:8 is 


A compact human bone............-.... — 58-7 * 
A spongy human bone..\):....: 25.2... 20-502 as 
The tibia of a sheep o.. TR... 0.25 
The vertebre of a haddock..............— 60-51 © 


It is obvious that the relative efficacy of equal weights of bones 
must be aflected by such differences in the relative productions of 
organic and inorganic matter which they severally contain. 

3°. This inorganic matter or ash consists in great part of phosphate 
of lime (Lec. [X., § 4,) but it contains also a considerable though 
variable proportion of carbonate of lime, with smaller quantities 
of several other ingredients. The proportion of carbonate of lime 
appears to be smallest in carnivorous animals. 

Thus, for every 100 parts of phosphate of lime there exists in— 


Human bones about.........-.20°7 carbonate of lime. 
Bones of the sheep. .........-.24:1 « 

Do. OX eee cee 13:5 &“ 

Do. LOW coir tals, &“ 
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These proportions are not to be considered as constant, because it 
varies not only inthe different bones of the same animal but also in 
bones from the same part of the body of different animals of the same 
species. (Thomson’s Animal Chemistry, p. 242.) But the existence of 
such differences must render unlike the fertilizing action of the 
bones of different animals—if, as many think, this action depends in 
any great degree upon the quantity of phosphate of lime which they 
respectively contain, 

4°. Besides the phosphate and carbonate of lime, I have stated that 
bones contain certain other inorganic substances, which are found in 
small quantity in the ash. What these substances are will appear 
in the following table, which represents the constitution of the bones 
of some animals, as analysed by Dr. Thompson : 


lleum Tleum Vertebra. 
of asheep. of an ox. . ofa haddock. 
Organic or combustible matter. . . ...43- 48-5 39-5 
Prowpnate OF IME) 5 a <a a ae 50-6 45:2 56-1 
Warnanate or lime... .. 5)... ---<.- <2 4:5 6-1 3:6 
vc la glia Se a cue eames epee! 048, 0-2 0-8 
S100 EEO a RPM eRe Paik ry at ana 0-2 0-8 
OIE SDM S22 Swern fee 206, haya Aico in ean welt Oey 0-1 — 


99-8 100-3 100-8 


The soda exists in bones probably in the state of common salt, and 
the magnesia in that of phosphate. An appreciable quantity of fluor- 
ide of calcium, with traces of iron and magnesia, are also generally 
found in bones, in addition to the substances indicated in the pre- 
ceding analyses. 

5°. When bones are heated to redness in the open air the organic 
part burns away, and leaves the white earthy matter in the form, and 
nearly of the bulk, of the original bone. But ifa dry bone be cover- 
ed with dilute muriatic acid, the earthy or inorganic part is slowly dis- 
solved out, and the organic part—the cartilage or gelatine—will alone 
remain, retaining also the form and size of the organic bone. In this 
state it is flexible and somewhat soft, and by prolonged boiling may 
be dissolved in water, and manufactured into glue. 

This organic or combustible part of bones is identical in chemi- 
cal composition with skin and glue, and is nearly the same as wool, 
hair, and horn, of which the analysis has already heen given. In 
so far, therefore, as their efficacy depends upon the organic consti- 
tuent, dry bones must be greatly inferior to an equal weight of any 
of the other animal substances above described, because of the much 
greater proportion of earthy matter they contain. 


§ 4. On what does the fertilizing action of bones depend ? 


Bones contain, as we have seen, alarge proportion both of organic 
and of inorganic matter ;—on which of these two constituents does 
their fertilizing action most depend? Some regard the phosphate of 
lime or bone earth, as the only source of the benefits so. extensively 
derived from them—and it is by supposing the soil to be already suf- 
ficiently impregnated with this phosphate, that Sprengel accounts for 
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the little success which has attended the use of bones in Mecklenburg 
and North Germany. Others, again, attribute the whole of their in- 
fluence to the organic part—the gelatine—which bones contain. 
Neither of these views is strictly correct. Plants, as we have seen, 
require a certain. quantity of phosphoric acid, lime, and magnesia, 
which are present in the inorganic part of bones, and so far, therefore, 
are capable of deriving inorganic food from bone-dust. But the or- 
ganic part of bones will decompose, and therefore will act nearly in 
the same way as skin, wool, hair, and horn do—which substances it 
resembles in ultimate composition.* It cannot be doubted, therefore, 
that a considerable part of the effect of bones upon all crops must be 
due to the gelatine which they contain. 

The principal facts, now known in regard to the action of bones, 
may be thus stated :— 

1°. The organic matter of bones acts like that of skin, woollen rags, 
horn shavings, &c., but as bone-dust contains only about one-third of 
the organic matter which is present in an equal weight of either of the 
above substances, its total effect, in so far as it depends upon the or- 
ganic matter, will be less in an equal proportion. 

2°. But as the organic matter of bones contains more water than 
horn or wool, (p. 446,) it will decay more rapidly than these substan- 
ces when mixed with the soil, and will therefore be more immediate in 
its action. Hence the reason why woollen rags and horn shavings must 
be ploughed in in the preceding winter, if they are to benefit the subse- 
quent wheat or turnip crops, while bone-dust can be beneficially ap- 
plied at the sowing of the seed. 

3°. When bones are boiled the oil will be separated, and a portion of 
the gelatine will at the same time be dissolved out.| The bones, 
therefore, will be in reality rendered less rich asa manure. But as 
they at the same time take up a considerable quantity of water, boiled 
bones will decompose more rapidly when mixed with the soil, and 
thus will appear to act as beneficially as unboiled bones. Hence the 
reason why in Cheshire, where boiled bones are used toa considerable 
extent, many practical men are of opinion that their action upon the 
crops is not inferior to that of bones from which the oil has not been 
extracted by boiling. The immediate effect may indeed be equal, or 
even greater, than that of unboiled bones, but the total effect must 
be less in proportion to the quantity of organic matter which has 
been removed by boiling. Cases, however, may occur in which the 

* The main difference is in the quantity of sulohur contained in hair. An analysis of 
human hair, by Van Lager (Annalen der Pharmacie, xiv., p. 168,) which has reached me 
since the preceding sheet went to press, shows the proportion of sulphur more accurately 
than that which is given at page 445. He found buman hair of various colors to leave from 
one-third to nearly two per cent. of ash when burned, and to consist besides of Carbon, 
50:65—Hydrogen, 636—Nitrogen, 17:14—Oxygen, 20°85—Sulphur, 5-00—Total, 100—and 
nearly half a per cent. of Phosphorus. 


t The prolonged boiling of bones, so as to dissolve a portion of the gelating, is practised 
toa considerable extent as a mode of manufacturing size or glue. In the large dyeing es- 
tablishments in Manchester, the bones are boiled in open pans for 24 hours, the fat skim- 
med off and sold to the candle-makers, and the size afterwards boiled down in another 
vessel till it is of sufficient strength for stiffening the thick goods for which it is intended. 
The size liquor, when exhausted, or no longer of sufficient strength for stiffening, is applied 
with much benefit as a manure to the adjacent pasture and artificial grass lands, and the 
bones are readily bought up by the Lancashire and Cheshire farmers. The boiled bones 
must evidently lose all the fertilizing virtue which the size liquor acquires. 
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skilful man will prefer to use boiled bones because they are fitted to 
produce more immediate effect where—as in the pushing forward of 
the young turnip plant—such an effect is particularly required. 

4°. When bones are buried in a more or less entire state, as they oc- 
casionally are about the roots of vines and fruit trees, they gradually 
decay, and sensibly promote the growth of the trees to which they are 
applied. Yet after the lapse of years these same bones may be dug up 
nearly unaltered either in form or insize. The bones ofa bear and ofa 
stag, after being long buried, were found by Marchand to consist of— 

Bones of the bear buried 


deep. shallow. Fenior ofa stag. 
Animal matter..........6 0s 2;- ols 16-2 ‘2 3 
Phosphate of lime... ...... ..56-0 62:1 54-1 
Carbonate of lime. ...........13-1 13-3 19-3 
Sulphate Of Lime. jac 4). 25 - 71 12-3 12:2 
Phosphate of magnesia...... 0:3 0:5 21 
Fluoride of calcium. ......... 2-0 ye 2-1 
Oxide of iron and manganese. 2:0 21 2-9 
Sie ae He: AS Pa eae aca 1:3 _ 
1S ST Sy I I ein ea 2 Oi _— 

100 100 100 


The most striking change undergone by these bones was the large 
loss of organic or animal matter they had suffered. The relative 
proportions of the phosphate and carbonate of lime had been com- 
paratively little altered. The main effect, therefore, produced by 
bones when buried at the roots of trees, and their first effect in all 
cases, must be owing to the animal matter they contain—the ele- 
ments of this animal matter, as it decomposes, being absorbed by the 
roots with which the bones are in contact. 

Such facts as this prove, I think, the incorrectness of the one-sided 
opinion too hastily advanced by Sprengel, and after him reiterated 
by Liebig and his followers—that the principal efficacy of bones is, 
in all cases, to be ascribed to their earthy ingredients, and especially 
to the phosphate of lime. 

This opinion of Sprengel rests mainly on two facts put forward by 
himself (Lehre vom Diinger, p. 153.) _ Bones, he says, have failed to 
produce in North-Western Germany the good effects for which they 
are so noted in England, yet in the same districts, farm-yard and other 
animal manures exhibit their usual fertilizing action. It cannot, there- 
fore, he concludes, be the animal matter of bones to which their benefi- 
cial influence is to be ascribed. But to this conclusion we may fairly 
demur, when we know how often on heavy and undrained lands bone- 
dust fails even among ourselves. Let bones be tried for the turnip 
crop—a crop still almost unknown in Northern Germany—and upon 
well drained soils similar to those of our best turnip lands, and I ven- 
ture to predict, in opposition to Sprengel’s experience, that bones will 
no longer fail even in Mecklenburg. 

Again, having drawn his conclusion in regard to the inutility of the 
animal matter, Sprengel states that the marl which is applied to the 
land in Holstein and the neighboring provinces, contains phosphate 
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of lime (p. 371,) and hence the reason why the earthy matter of the 
bones applied does not improve the land. In so far as the efficacy of 
bones really depends upon their earthy constituents, the use of a marl 
containing phosphate of lime* will, no doubt, greatly supersede them ; 
—but in so far as it depends upon the animal matter they contain, 
bones will exhibit their natural fertilizing action, however rich the 
soil may already be in those compounds of which their earthy or in- 
combustible part consists. 

5°. Yet there is reason to believe—nay, it may be assumed as cer- 
tain—that the phosphate and carbonate of lime which bones contain so 
largely, are not without effect in promoting vegetation. All our culti- 
vated plants require and contain both phosphoric acid and lime, (see 
Lec. X., § 3,) and from the vegetables on which they feed, all animals 
derive the entire substance of their bones. This same phosphoric 
acid and lime, therefore, must exist in the soil on which the plants 
grow, or they will neither thrive themselves nor be able properly to 
nourish the animals they are destined to feed. If a soil, then, be de- 
ficient in phosphate of lime or its constituents, it is clear that the ad- 
dition of bones will benefit the after-crops not only by the animal, but 
by the earthy matter also which they contain. And that such is the 
case, in many instances, there is good reason for believing. But that 
this can by no means account for the whole effect of bones, even sup- 
posing the soil to which they are applied to be, in every instance, defi- 
cient in phosphates, is clear from the fact (see Lec. X., § 4,) that 260 
Ibs.—less than 6 bushels—of bone-dust per acre are sufficient to sup- 
ply all the phosphates contained in the crops which are reaped during 
an entire fourshift rotation of turnips, barley, clover, and wheat. Yet 
the quantity of bones actually applied to the land is from three to five 
times the above weight, repeated every time the turnip crop comes 
round. 

6°. Still, granting that the chief effect of bones upon the immedi- 
ately succeeding crops is due to their organic part, upon what does 
their prolonged good eftect depend? Some lands remember a single 
dressing of bones for 16 or 20 years, and some after the application 
of 2 or 23 tons of bones have yielded 10 to 15 successive crops of 
oats, and have been sensibly benefitted for as many as sixty years 
after the bones were applied. (See Appendix, No. I., and British 
Husbandry, I., p. 398.) 

This prolonged effect is also due in part to both constituents. When 
not crushed to powder, the organic matter of bones is always slow in 
disappearing, and slower the deeper they are buried. In some soils, 
also, the process is more slow than in others. The long-buried bones of 
the bear and of the stag, of which the analysis is given above (p. 449.) 
had lain in the soil for an unknown period, and yet they still contained 
a sensible proportion of animal matter. So it is with the bones used for 
manure, when they are not crushed too fine. They long retain a por- 
tion of their organic matter, which they give out more slowly, and 


* Most lime-stones and shell-sands contain an appreciable quantity of this phosphate, and 
will, therefore, to the same extent, supersede the use of the earthy matter of bones. Much 
of the marl of Holstein consists of the detritus of chalk rocks, anciently broken up and 
carried off—by the waters of the sea with which that part of Europe was covered at no 
very remote geological epoch. 
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in smaller quantity, every year that passes, yet still in such abun- 
dance as to contribute sensibly to the nourishment, and in some de- 
gree to promote the growth of the crops which the land is made to 
bear.* So it would be with the horns and hoofs of cattle, if laid on in 
equal quantity, for they also decay with exceeding slowness. 

Still the inorganic part is not without its use. Jf the soil be defici- 
ent in phosphates or in lime, the earthy matter of the bones will sup- 
ply these substances. 1 only wish to guard you against the conclu- 
sion, that because bones often act for so long a period, that therefore 
the organic matter can have no share in the influence they exercise 
after a limited period of years. ’ 


He who candidly weighs the considerations above presented will, I 
_ think, conclude that the whole effect of bones cannot in any case be 
ascribed exclusively either to the one or to the other of their principal 
constituents. He will believe, indeed, that in the turnip husbandry the 
organic part performs the most prominent and most immediately useful 
office, but that the earthy part, nevertheless, affords a ready supply ot 
certain organic kinds of food, which in many soils the plants would 
not otherwise easily obtain. He will assign to each constituent its 
separate and important function, being constrained, at the same time, 
to confess that while in very many cases the earthy part of bones ap- 
plied alone would fail to benefit the land, there are few cultivated 
fields in which the organic part applied alone would not materially 
promote the growth of most of our artificial crops. 


§ 5. Of the application of bone-dust to pasture lands. 

If the soil be deficient in phosphate of lime, bone-earth alone, or the 
mineral phosphate (Lec. IX., § 4,) may be advantageously applied to 
increase its fertillty. Ina four-years’ rotation of turnips, barley, clover, 
and wheat, if bones be used for the turnip crop, the land will every ro- 
tation become richer in bone-earth, (see preceding page,) and there- 
fore the application of earthy phosphates cannot—after a few rota- 
tions—be expected materially to affect its productiveness. But pas- 
ture lands are treated differently, and it is not unlikely that in some 
instances the earth of bones, even applied alone, may to such lands 
be productive of considerable benefit. 

The application of bone-dust to permanent pasture has of late 
years been practised with great success in Cheshire. Laid on at the 
rate of 30 to 35 cwt., or at a cost of £10 per acre, it has increased 
the value of old pastures from 10s. or 15s. to 30s. or 40s. per acre: 
and after a lapse of 20 years, though sensibly becoming less valu- 
able, land has remained still worth two or three times the rent it paid 
before the bones were laid on. 

It is this lengthened good effect of bone-dust that affords the strongest 
ground for believing that the earthy phosphate has a large share in the 


* This opinion derives a singularly interesting confirmation from the fact that a portion 
of the soil of an arable district in Sweden, “ which from time immemorial had grown ex- 
cellent wheat without manure,” was found by Berzelius to contain minute fragments of 
bone capable upon boiling with water of yielding a weak solution of gelatine. It was 
concluded, therefore, that the spot had been an ancient battle-field, and that its prolonged 
fertility was due to the bones of old time buried in it, and still to some extent undecom- 
posed (Marchand ) 
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effect. I have already shown that this prolonged action is not conclu- 
sive upon the point—since the organic matter lingers long, even in buri- 
ed bones—but a consideration of the necessary effect of long continu- 
ed pasturage upon soils to which nothing is artificially added, lends a 
singular support to the view that the bone-earth may act an important . 
and beneficial part upon old meadow and other grass lands. Take 
the instance of a dairy farm in the neighborhood of a large town,— 

1°. The milk is all carried off the farm, either directly or in the shape 
of butter, cheese, &c., and every 40 gallons of milk contain 1 |b. of 
bone-earth, besides other phosphates. Estimate the average yield ofa 
good cow at 3000 quarts, or 750 gallons a-year, its milk will contain 19 
Ibs. of earthy phosphate—as much as is present in 30 Ibs. of bone-dust. 

2°. Again, the urine of a mi/k cow, taken at 700 gallons a-year, 
contains about 11 Ibs. of the same phosphate. (A cow, not in milk, 
gives on an average about 1300 gallons of urine—see page 460.) 
Suppose only a third of this to run to waste, and the farm will lose for 
every cow in this way about 4 lbs.—equal to about 6 lbs. of bone-dust. 

3°. But for every cow an annual calf is reared and sold off. Let this 
ealfcontain but 20 lbs. of bone—then for every cow it maintains, a dairy 
farm will lose of earthy phosphates upon the whole as muck as is 
contained in 56 lbs. of bone-dust. Suppose a farm to be pastured 
for centuries, as those of Cheshire have been, and the produce to be 
carried off in the form of milk, butter, and veal—we may reasonably 
suppose that it will at Iength begin to feel the want of those phos- 
phates which year by year have been drawn from its surface. It is 
reasonable also to suppose that the addition of these deficient phos- 
phates would impart new vigor to the soil, would cause new grasses 
to sprout, and a more milk-yielding herbage to spring up. 

Such is the reasoning upon which I some years ago attempted to 
found an explanation of the singularly striking effects produced by bone- 
dust on the grass lands of Cheshire, while it failed materially to im- 
prove those of other districts on which it had been tried. I still consider 
it as by no means without its weight, though I cannot concur with the 
extreme views which some have since adopted—that either in the case 
of Cheshire, or in any other case with which Iam acquainted, the benefi- 
cial action of bone-dust is to be ascribed solely to its earthy constituents. 


§ 6. Of animal charcoal, the refuse of the sugar refineries, and 
animalized carbon. 


1°. Animal charcoal, (bone black.)—When bones are charred or 
distilled at a red heat in close vessels, they leave behind a coaly re- 
siduum to which the name of animal charcoal is usually given. By 
this calcination the animal matter is almost entirely decomposed. 
The charcoal still retains, however, a little nitrogen, and though it is 
seldom employed as a manure, yet it is not wholly without effect in 
promoting the growth of our cultivated crops. Thus in 1842, when 
applied to Swedish turnips, Mr. Fleming obtained from the unma- 
nured soil 12 tons 5 cwt. per acre; but when manured with 10 ewt. 
of animal charcoal, 21 tons 2 ewt. (see Appendix, No. VIII.) 

2°, Refuse charcoal of the sugar refiners—The animal charcoal 
above described is chiefly employed for the purpose of removing the 
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color from solutions of raw sugar. Blood is also used for clarifying 
the same solutions, and quick-lime for neutralizing the acid matter 
they contain—thus rendering the syrups more capable of easy crys- 
tallization. Hence the animal charcoal, the blood, the lime, and the 
coloring and other matters separated from the sugar, become mixed 
together, and form the refuse of the sugar refiners. This refuse often, 
contains from one-fifth to one-fourth of its weight of blood, and hence 
is in general—and especially in France, where it is extensively em- 
ployed as a manure—considered from four to six times more power- 
ful than the pure animal charcoal alone. In the western parts of 
France this mixture has for some years been in great repute among 
agriculturists, and in addition to that which is produced at home, has 
been largely imported from other countries. Into the ports upon the 
river Loire alone there were entered, in 1839, upwards of ten thousand 
tons GRoweingenlt, An. de Chim. et de Phys., 3d series, iii., p. 96.) 
It sells at about five pounds a ton. 

The value of this substance depends very much upon the propor- 
tion of blood which it contains, and as this is in some measure vari- 
able, its fertilizing qualities must be variable also. In England blood 
is used much more sparingly in the refining of sugar than it used to 
be, and hence the refuse of our refineries is probably less valuable 
as a manure now than it was informer years.* This is probably one 
reason why Mr. Fleming obtained from the use of it a somewhat 
smaller crop of turnips than from an equal quantity of the unused 
animal charcoal. Upon Swedish turnips 10 cwt. of unused animal 
charcoal gave him 21 tons 2 cwt.; while 10 cwt. of the refuse gave 
10 tons 7 cwt. (Appendix, No. VIII.) 

Still this result is sufficiently favorable to recommend the refuse or 
exhausted animal charcoal to the practical agriculturist where more 
economical manures cannot readily be obtained. 

3°. Animalized carbon.—The estimation in which the refuse char- 
coal of the sugar works was held, has led to the manufacture of very 
useful imitations of it under the name of animalized carbon. A cal- 
careous soil, rich in vegetable matter, (an intimate mixture of peat 
and marl or shell-sand would answer well,) is charred in close ves- 
sels, and is then mixed at intervals with repeated portions of night 
soil as long as it disinfects it or removes its smell—and to this mixture 
is added 4 or 5 per cent. of clotted and partially dried blood. This 
animalized carbon is said to be of much value asa manure. The 
main objections to it are its liability to adulteration and the uncertain- 
ty to which, even when skilfully and conscientiously prepared, its 
composition must be in some measure liable. 


§ 7. Of fish, fish refuse, whale blubber, and oil. 


1°. Fish.—In some parts of the world, and occasionally on the shores 
of England, fish are met with insuch abundance that they can be econo- 
mically employedas a manurefor the land. They are either spread over 


* The refining “ consists in putting the sugar into a large square copper cistern along with 
some lime water. a little bullock’s blood, and from 5 to 20 per cent. of bone black, and in-, 
jecting steam throngh the mixture. Instead of the blood many refiners employ a mixture 
of gelatinous alumina and gypsum, called finings, prepared by adding lime water to a so- 
lution of alum, and collecting the precipitate” (Ure.) Hence the reason why, in England 
at least, the refuse charcoal of the sugar works !s not always rich in blood. 
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itin a recent state, or—which is more economical,—are made into a com- 
post chiefly with earth, which after a time proves rich and fertilizing. 

The bones of fish are similar in composition to those of terrestrial 
animals (p. 447), and their muscular parts are nearly identical in ele- 
mentary constitution with the lean part of beef and the clot of blood. 
As fertilizing agents, therefore, the parts of fishes will act nearly in 
the same way as the blood and bodies of animals. 

2°, Fish refuse —The pilchards of Cornwall and the herrings, cod, 
and ling of our northern coasts, when cleaned for salting, yield a 
large quantity of refuse, (fourteen barrels of herrings yield one of 
refuse,) which is peculiarly valuable to the farmers in the neighbor- 
hood of the principal fishing stations. 

/In the North, a compost prepared from this fish refuse, is generally 
esteemed as a manure for barley and green crops, but when exten- 
sively used, “is said to render the soil unfit for the production of oats.” 
Such soil is said to be poisoned (Sinclair’s Statistical Account of 
Scotland, vii., p. 201, quoted in British Husbandry, [., p. 421.) 

3°. Whale blubber—When the oil is expressed from whale blub- 
ber, a skinny or membraneous refuse remains, which has hitherto 
been employed only as a manure. It is made into a compost with 
earth, which is several times turned, and the mixture is most usefully 
employed after it has lain not less than 9 or 12 months. It may be 
applied either to grass or to arable land. 

4°, Whale oil, and that of other fish, when made into a compost with 
earth and a little lime or wood ashes, yields a manure which was much 
recommended by the late Dr. Hunter of York (see his Georgical Es- 
says, vols. 1, 2, and 5.) Merely mixed with absorbent earth, and ap- 
plied at the end of one month, impure whale oil, at the rate of 40 gallons 
per acre, gave the late Mr. Mason, of Chilton, near Durham, a crop of 
23} tons of turnips, while 40 bushels of bones gave him only 22 tons. 
More recently, also, it has been found that the mixture of a few gallons 
of oil with the usual quantity of bone-dust increased to a considerable 
degree the turnip crop to which it was applied. Ina theoretical point 
of view, it would be interesting to establish the fact, that pure oil is 
capable of promoting in a large degree the growth and produce of 
our cultivated crops—though, as a resource, of which farmers in gene- 
ral can avail themselves where other manure is scarce, its high price 
will probably prevent it from ever becoming extensively useful. 


§ 8. Relative fertilizing value of the animal manures already 
described. 


No sufficiently decisive experiments are yet upon record, from 
which the relative value of the several animal manures above des- 
cribed can be satisfactorily deduced. That they differ in fertilizing 
power every farmer is aware, but it is not yet decided by actual trial, 
in what proportion one of them exceeds the other. 

I have already stated to you (p. 440) the theoretical opinion enter- 
tained by many, that the efficacy of all manures is in proportion to the 
quantity of nitrogen they contain. Adopting this principle as true, it 
is easy to assign to each substance its proper place in an artificial table. 
The last column in the following table shows the quantity of each 
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substance in tts ordinary state of dryness, which will be necessary to 
produce the same effect as 100 lbs. of common farm-yard manure, 
supposing this effect to be determined by the nitrogen alone. 


Equal effects 
Water per cent. Ash a cent. Nitrogen per cent. produced by 


Farm-yard manure.. 80 2 4 100 lbs. 
Desh): 6... see 1 3k 14 «& 
WOIsn sk 5 sn... 2) 2 20. 
Blood-...2 ... . 279i toss 1 3 16 « 
Blood dried*. . ... ...12 to 20 34 12 to 13 8 & 
hie ee ee eee 5S 4 8 12 * 
Wool, hair, and horn. 9 to 11 1 to 2 16 6 « 
Bones Teh 18 Ae: ee 40 to 60 5to9' 11 to 20 “ 
Refuse charcoal of 

the Sugar-works.. 48 2 1 50 
Animalized carbon... 45 2 1 50 « 


I have already had occasion to remark, however, that this mode of 
classifying manures is not altogether to be depended upon. Since— 

1°. It does not take into account the quantity of inorganic matter 
they severally contain, which as shewn in the third column is parti- 
cularly large in bones, and is by some considered as the (most?) im- 
portant and influential constituent of this manure. Nor is any effect 
ascribed to such substances as the sulphur, which in hair and wool 
forms nearly 5 per cent. of their whole weight, and which cannot be 
wholly without influence upon the plants, by which, as they decay, 
the elements of these manures may happen to be absorbed. 

2°. It passes by the practical influence of the quantity of water 
which the several substances contain. Tlesh, fish, blood, and skin, in 
their recent state, contain so much water that they begin almost im- 
mediately to decompose, and thus expend most of their fertilizing 
virtue upon the first crop to which they are applied. Hair and wool, on 
the other hand, retain so little water that they decay with great slowness. 
Hence, the true amount of the action of these latter substances cannot 
be estimated in a single year, and must therefore be altogether a mat- 
ter of theory until a series of careful observations, made in consecu- 
tive years, shall afford some decisive facts upon which to reason. 

3°. This is confirmed by the statement of Boussingault and Payen, 
(Annales de Chim. et de Phys., 3d series, iii., p. 94,) that the effect 
of the animal charcoal of the sugar refiners and of the animalized 
carbon is, by easperience, five times greater than the proportion of ni- 
trogen they contain would indicate ; and— 

4°, If pure oil, which contains no nitrogen at all, will yet produce 
an enriching manure by mere mixture with the soil (p. 454), or will 
increase greatly the effect of bones—we must obviously seek for 
some other principle upon which to account for the effect of manures, 
besides or in addition to the proportion of nitrogen they contain. It 
is true that the impure or refuse whale oil used for composts may 
contain some nitrogen, but we can searcely suppose 250 or 300 Ibs. 
of such oil to hold so much of this element as to account for all the 
effects which the oil is said to have produced. 

* As it is sold for manure at Paris and elsewhere, p. 443. 
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While, then, we put so much faith in theory as to believe that sub- 
stances which contain much nitrogen are very likely to prove valua- 
ble manures,—we must not allow ourselves to be so carried away by 
the simplicity of the principle as to believe either that their relative 
effects upon our crops may be always estimated by the proportion of 
nitrogen they contain, or that a substance may not largely increase 
the produce of our fields in which no nitrogen is present at all. In- 
deed, the effects of saline substances alone are sufficient to satisfy us 
how untrue to nature this latter opinion would be. 

§ 9. Of the droppings of fowls—pigeons’ dung, and guano. 

The droppings of birds form one of the most powerful of known ma- 
nures. This arises in part from the circumstances that in the econo- 
my of birds there is no final separation between the liquid and solid 
excretions. Both escape mixed together from the same aperture. 

1°. Pigeons’ dung is much prized as a manure wherever it can be 
obtained in any considerable quantity. In Belgium it is esteemed as 
a top-dressing for the young flax, and the yearly produce of 100 
pigeons is sold for about 20s. Its immediate effect depends upon the 
quantity of soluble matter it contains, and this varies much accord- 
ing to its age and the circumstances under which it has been pre- 
served. Thus Davy (Davy’s Agricultural Chemistry, Lecture VL.,) 
and Sprengel obtained respectively of 


Recent. Six months’ old. After fermentation. 
Solubl . (Davy.) (Sprengel ) (Davy.) 
oluble matter in ? 23 per cent. 16 per cent. 8 per cent. 


pigeons’ dung... § 

The soluble matter consists of uric acid in small quantity, of urate 
sulphate, and especially of carbonate of ammonia, common salt, and 
sulphate of potash ;—the insoluble chiefly of phosphate of lime, with 
a little phosphate of magnesia, and a variable admixture of sand and 
other earthy matters (Sprengel’s Lehre vom Diinger, p. 140.) When 
exposed to moisture, the pigeons’ dung, especially if recent, undergoes 
fermentation, loses a portion of its ammoniacal salts, and thus be- 
comes less valuable. When it is intended to be kept it should be 
mixed with a dry vegetable soil, or made into a compost with earth 
and saw dust, with a portion of pulverized or charred peat, or with 
such a disinfecting charcoal as that which is employed in the manu- 
facture of the animalized carbon above described. 

2°. Hens’ dung often accumulates, decomposes, and runs to waste 
in poultry yards, when, with a little care, it might be collected in 
considerable quantities. 

3°. Goose dung is less rich than that of hens or pigeons, because 
this bird feeds less upon grain, and derives a considerable portion of 
its nourishment from the grass which it crops, when allowed to go at 
liberty over the fields. Its known injurious effects upon the grass 
upon which it falls arise from its being in too concentrated a state. 
In moist weather, or where rain soon succeeds, it does no injury, and 
even when in dry weather it kills the blades on which it drops, it 
brings up the succeeding shoots with increased luxuriance. 

4°. Rooks’ dung unites with the leaves of the trees among which 
they live, in enriching the pasture beneath them. In old rookeries the 
soil is observed also to be slowly elevated above the surrounding land. 
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This surface soil I have found to be especially rich in phosphate of lime, 
which has gradually accumulated and remained in it while the volatile 
and soluble parts of the droppings of the birds have slowly disappeared. 

5°. Guano is the name given to the accumulated dung chiefly of 
sea birds, which is found upon the rocky promontories, and on the isl- 
ands that skirt the ceast of South America, from the 13th to the 21st 
degree of south latitude. In that part of America, the climate being 
very dry, the droppings of the birds have decomposed with exceeding 
slowness, and upon some spots have continued to accumulate for many 
centuries, forming layers, more or less extensive, of 10, 20, and at cer- 
tain places it is said even 60 (?) feet in thickness. In some places 
the more ancient of these deposites are covered bv layers of drift 
sand, which tend further to preserve them fromdecay. In our moist 
climate the dung of the sea fowl is readily washed away by the rains, 
so that even where sea birds most abound no considerable quantity 
of guano can ever be expected to collect. 

The solid part of the droppings of birds in general, when recent, con- 
sists chiefly of uric acid, with a little urate of ammonia, and a variable 
per-centage of phosphate of lime and other saline compounds. The 
liquid part, like the urine of other animals, contains much urea, with 
some phosphates, sulphates, and chlorides. The urie acid and urea, 
however, gradualiy undergo decomposition, and are changed into car- 
bonate and other salts ef ammonia. If applied to the land when this 
stage of decomposition is attained, they form an active, powerful, and 
immediately operating manure ; but if allowed te remain exposed to 
the air for a lengthened period of time, the salts of ammonia gradually 
volatilize, and the efficacy of what remains becomes greatly dimin- 
ished. Hence, the guano which is imported into this country is very 
variable in quality, some samples being capable of yielding only 7 
per cent. of ammonia, while others are said to give as much as 25 
per cent. Of two portions taken by myself from the same box, the 
one contained 8 per cent. and the other only 14 per cent. of sand, 
while their other constituents were as follews :—— 


io per cent.| 2°. per cent. 

Water, salts of ammonia, Atmmoniaiw. Pevsediwy. 8. 70 

and organic matter ex- WTICtA CTO: 2 tenn ete ate ao nee ee TOTS 
pelled by a red heat..... 23-5; Water and carbonic and ox- 
Sulphate of soda........- 1:8) alic acids, &c., expelled 

Common salt, with a little byta' ted “neat. Soe 2. 51:5 
phosphate of soda....... 30-3;\Common salt, with a little 
Phosphate of lime, with a lit- sulphate and phesphate 

tle phosphate of magnesia WITSOE eek: ace ee ee 

pa oflime.... 44-4|/Phosphate of lime, &c..... 29:3 

100 100 


On the other hand, Dr. Ure gives the following as the average re- 


sult of his analyses ef genuine guano :— 
per cent. 


Organic matter containing nitrogen, including urate of ammo- 
nia, and capable of affording from 8 to 17 per cent. of am- 
monia by slow decomposition in the soil..........-+.---+- 50 
Water fo... PL 2 2 ei laced s ee 
20 


~ 
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per cent. 
Phosphate efulamie:) 0:2: s Ussietes od ot ame tan Tm ooety : 
Ammonia, phosphate of magnesia, phosphate of ammonia, & ox- 
alate of ammonia, containing from 4 to9 percent.ofammonia. 13 
Siliceous matter from the crops of the birds...............-. 1 


100* 

Others have found sand in much larger proportion than was pre- 
sent in the samples examined by myself—while it may, I think, be 
taken for granted that very little of what comes to this country is so 
rich in soluble matter, containing ammonia or its elements, as is re- 
presented by the analyses of Dr. Ure. 

Variable as its composition is, however, there is now no doubt that 
any of the samples yet brought into the English market may be ad- 
vantageously applied as a manure to almost any crop. From the 
most remote period guano has been the chief manure applied to the 
land on the parched shores of Peru—and at the present day it is not 
only employed for the same purpose in the provinces which lie along 
the coast, but it is also carried across the desert of Atacama many 
leagues inland, “on the backs of mules over rough mountain paths, 
and at a great expense, for the use of the agricultural districts of 
Peru and Bolivia” (Silliman’s Journal, xliv., p. 10.) It has been 
estimated that a hundred thousand quintals (the quintal is equal to 
1014 lbs. avoirdupois) are, at the present day, annually sold in Peru. 
There also the quantity and the price vary—the recent white guano 
selling usually at 3s. 6d., the more recent red and grey varieties at 
2s. 3d. per cwt. (Winterfeldt.){ In this country, the latter—the only 
variety yet imported—sells at present (1843) at about 10s. a ewt. 

In regard to the effects of guano upon various crops, many import- 
ant experimental results, obtained in 1842, will be found in the Ap- 
pendix. I here insert a few of the more important of these, along 
with some others made in the more southern counties, which appear 
to be highly deserving of consideration. 

Swedish Turnips. 


Produce per acre. 


1°. F Det ee one as ae Locality. 
°, Harm-yar : tons. " 
Guano. 3 ewt, 23. 8 ¥BArochan, near Paisley. 
2°. Farm-yard dung.20 tons. 16 18 
Gusnos. SoS den 2tewt. 17 4 > Parishof Wraxal, Somerset. 
BOnes..,. .+)as-32., DUB... 19> 47 


* By way of comparison, I insert here the approximate composition of the solid part of 
the excrements of four different varieties of eagle, as determined by Coindet :— 


American American Grand Duke 
Senegal Eagle. Hunting Eagle. Fishing Eagle. of Virginia. 
UG MEG bbs skeadsosadade." 89-79 90-37 84-65 8871 
Ammonia................ 7°85 S87 9 20 8:55 
Phosphate of lime...... 2°36 0:76 615 2-74 
100 100 100 100 (a) 


(a) Gmelin Fandbuch der Chemie, IL, p. 1456. 


+ The presence of ammonia in guano is readily ascertained by mixing it with a little 
slaked lime—when the odour of ammonia will be immediately perceived, and will be 
strong in proportion to the quantity contained in the guano. 

+ For further particulars regarding guano the reader is referred toa paper in the Journal 
of the Royal Agricultural Society, I1., p. 301. 


§‘Mixed with | cwt. of charcoal powder. 
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Yellow Turnips. 


Produce per acre, 


Top-dressed with tons. cwt. Locality. 
Ceinot.. -- 2. cute | oan 2 
Rape- dust.......15 ewt. 24 11 Barochan, near Paisley. 
Bone-dust .......30 bush. 17 2 
Potatoes. 
PP sGMONO..:,.:...i- asi aueeeete 10.9.) 
Q0 pape duet. AGL PY: : a ta | Barochan. In all these cases 
j “eh ga te oa ; he manures were put in 
Rape-dust.......1 ton. 10 0 : : P 
Bone-dust.......45 bush. 9 15 t on ines ied 
oon tegapunig 22"? cb egts 4.13, 14 Pamee) i 4 
Bepedtst. 0... iadonit i, 1p | ing afterwards added. 
Bone-dust .......45 bush. 13 14 J 


As a top-dressing to the young potatoe crop at Erskine, in 1842, one 
ewt. of guano per acre produced no important increase. This might, 
Ree be owing to the extreme dryness of the season (Appendix, 

No. IX.) 


Wheat. 
Produce per acre. 
Yop-dressed with ee oo Locality. 
POP es 5.205 1 ewt. Lennox Love, near Had- 
Rape-dust.......16 cwt. dington— 
Miidresk#eas y's. YY 4 J drought very great. 
BAEK WAN O Id. JRL 3 iewhen 30 UHE a} nit 
Maa Undressed. aie: Sete Sie, yo Od es § 
po. Guano -3 22.28 Dy GW ti i32 220 
Waaressedt Pes 31 31 (Ga dgirth, near Ayr. 
4°. Guano. . iil Stewie 46) 0 
Nitrate of Soda.. 1 cwt. 51 18 Erskine, Renfrewshire. || 
Undressed 2 6). Peek 44 4 
HomiGtanes.. {iss s iscwt 45 Fig 
Nitrate of Soda.. 14 ewt. 41 0 > Seisdon, Worcestershire.§ 
indressedaasc cn noes and 39 «20 
piers a 
Gufario 29. sg7 4 3 cwt 
Undressed! | ese, 0: i 15 5¢ Barochan. 
at, 
So huampie dt 5. - 2 cwt. Lennox Love, near Had- 
WWMTesSed).:... swt) ees dington. 
CORRNANOss. eee. ac dar enyite i: i 
Nitrate of Soda.. 1 cwt. 50 0 > Erskine, Renfrewshire. 
WIA ReSSed sey! ~ 22155 - 49 QO 


t Mixed with 20 bushels of wood-ashes. 

t The undressed grain was of superior qualify, yielding 76} per cent. of fine flour, while 
that dressed with guano gave only 682 per cent, 

{ The grain dressed with guano weighed half a pound per bushel less than the others. 

§ The guano gave 4 ce wt. more straw than the nitrate, and 11 cwt. more than the undressed. 
The undressed grain also weighed half a pound less per bushel than either of the other two. 


460 SOLID MATTER IN THE URINE OF DIFFERENT ANIMALS. 


Beans. 
Produce per acre. 
Top-dressed with bush. Locality. 

Guang en ae: 2 cwt. 33h 
Rape-dust.......16 cwt. 3 Lennox Love, near 
Nitrate of soda.. 1 cwt. 33 Haddington. 
Mnd nested... < 16, <cescus: = yssepe ad, mul Oe 

Hay. 

tons. cwt. 

LomGuano,.>..-.--2. la Cwle . By 18 


Nitrate of Soda.. 14 cwt. okt, {Brocton near Paisley. 
Undressed... eee ae t's 

Ee UAMO es Se CMLL de 
Nitrate of Soda.. li cwt. 1 17 {Brskine, Renfrewshire. 
WUHGLCESEG.. Vato Mee aioe Tj 20 : 

An inspection of the above results appears to indicate that guano 
is more uniformly successful with root crops, than when applied as a 
top-dressing to corn and grass. The unusual drought which pre- 
vailed in 1842 no doubt materially diminished its action, when used 
as a top-dressing—and the results upon the corn crops in a more moist 
season may probably prove more generally favorable to its use as an 
economical manure. 

Some experiments seem already to indicate that the favorable in- 
fluence of guano does not cease with the first season. If the phos- 
phate of lime which they contain operates in any way in prolonging 
the fertilizing operation of bones, the large, though variable, quanti- 
ty of this phosphate contained in guano should render this latter 
substance also capable of permanently improving the soil. 

By exposure to the air, guano gradually gives off a portion of its 
volatile constituents; it ought, therefore, to be kept in covered ves- 
sels or casks. It also in our climate absorbs moisture from the air, 
and therefore should be purchased as soon as possible after importa- 
tion. When applied as a top-dressing it may be conveniently mixed 
with an equal weight of gypsum or wood ashes—with charcoal pow- 
der, or with fine dry soil. 


§ 10. Of liquid animal manures—the urine of man, of the cow, 

the horse, the sheep, and the pig. 

The following table exhibits the average proportions of water, and 
of the solid organic and inorganic: matters contained in the urine of 
man and some other animals in their healthy state—and the average 
quantity voided by each in a day :— 


Water. Solid matter in 1000 parts. Average quan- 

Urine iu - a - — tity voided in 

ofa 1000 parts. Organic. Tuoreanic. Toral. 2t hours. 
Man... ..969* 23-4 7-6: 31 3° Ibs. 
Horse . ..940 27 33 60 5 ah 
Cow .. . -930 50 20 70 40T “ 
Pig ... ..926 56 18 74 2 
Sheep . . .960 28 12 40 2 


" Alfred Becquerel. See Phomson’s Animal Chemistry, p. 477. It isto be observed that 
the proportions of water and of solid matier in urine vary with the food, and with a great 
variety of circunystances. 

t A milk cow voids less than this in a proportion which varies with the quantity of milk 
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Of natural liquid manures, the most important and valuable, though 
the most neglected and the most wasted also, consists of the urine of 
man and of the animals he has domesticated. : 

The efficacy of urine as a manure depends upon the quantity of 
solid matter which it holds in solution, upon the nature of this solid 
matter, and especially upon the rapid changes which the organic 
part of it is known to undergo. 

The numbers in the above table show that the urine of the cow, 
estimated by the quantity of solid matter it contains, is more valu- 
able than that of any other of our domestic animals, with the excep- 
tion of the pig. But the quantity voided by the cow must be so 
much greater than by the pig, that in annual value the urine of one 
cow must greatly exceed that of many pigs. 

It might be supposed at first that in all animals the quantity of 
urine voided would have a close connection with the quantity of water 
which each was in the habit of drinking. But this is by no means the 
case. Thus it is the result of experiment that in man the drink ex- 
ceeds the urine voided by about one-tenth part only—while 


‘ Of water in 24 hours. Of urine in 24 hoars. 
A horse, which drank —_—35 Ibs. gave only _—_ 3 Ibs. 
A cow, which drank 132 lbs. gave 18 Ibs., and 


19 Ibs. of milk (Boussingault). 

How very large a quantity of the liquid they drink must escape 
from the horse and the cow in the form of insensible perspiration ! 
That this should be very much greater indeed than in man, we are 
prepared to expect from the greater extent of surface which the bo- 
dies of these animals present. 

Let us now examine more closely the composition of urine, the 
changes which by decomposition it readily undergoes, and the effect 
of these changes upon its value as a manure. 

1°. Human urine.—The exact composition of the urine of a healthy 
individual in its usual state was found by Berzelius to be as follows :—- 


Water 22 -.. 222-48... 93304 Phospliate of soda... See 29 
Unredey) -:.- -.-.. «wed ..--)  3081'\| Phosphate of ammonia.—__-9ma%6 
Urigapeid®: .2 282 2%. 10(-Common:salt..-: 2)... See TaeeeD 
Free lactic acid, lactate of Sal-ammontach. 92:42 244 1:5 
ammonia, and animal Phosphates of lime and mag- 
matter not separable... 17:1| nesia, with a trace of silica 
Mucus of the bladder... . 0-3) andof fluoride of calcium, 1-1 
Sulphate of potash... ... 3-7 — 
Sulphate of soda.......-. Bay 1000 


From what I have already had occasion to state in regard to the ac- 
tion upon living plants of the several sulphates, phosphates, and other 
saline compounds, mentioned in the above analysis, you will see that 
the fertilizing action of urine would be considerable; did it contain no 
other solid constituents. But it is to the urea which exists in it in very 
much larger quantity than any other substance, that its immediate 
and marked action in promoting vegetation is chiefly to be ascribed. 
This urea, which is a white salt-like substance, consists of— 


she gives. Boussingault found a milk cow to yield daily 18 lbs. of urine and 19 lbs. of 
milk.—Aznn. de Chim. et de Phys., \xxi., pp. 123, 124. 


462 URINE OF THE COW—ITS VALUE. 


“Carbon! dct: J 20:0 per cent. | Nitrogen.......... 46-7 per cent. 
Hydrogen ...... 6-6 a Oxy sem .Goc RE 26°7 Pre 

It is, therefore, far richer in nitrogen than flesh, blood, or any of 
those other richly fertilizing substances, of which the main efficacy is 
supposed to depend upon the large proportion of nitrogen they contain. 

But urea possesses this further remarkable property, that when 
urine begins to ferment,—as it is known to do ina few days after it is 
voided—it changes entirely into carbonate of ammonia.* Of the am- 
monia thus formed a portion soon begins to escape into the air, and 
hence the strong armmoniacitl odour of fermenting urine. This escape 
of ammonia continues for a lone period, the iquid becoming weaker 
and weaker, and consequently less valuable as a manure every day 
that passes. Experience has shown thai recent urine exercises in gen- 
eral an unfavorable action upon growing plants, and that it acts 
most beneficially after fermentation has freely begun, but the longer 
time we suffer to elapse after it has reached the ripe state, the great- 
er the quantity of valuable manure we permit to go to waste. 

2°. The urine of the cow has been analysed in several states by 


Sprengel, with the following results in 1000 parts :— 
Allowed to ferment for four weeks 


Fresh. qe the open air. 
Waterers: . J eet ousii? 992 954-4 934-8 
Rhteader. wars sl afl hateda tet. 92 40-0 10:0 6:0 
Mews 2s st oe iets sbovestet. 2:0 0-4 0-3 
Hippuric and lactic acids. . - 6-1 7-5 6-2 
Carbonic acid... ... 7. 21 1-7 15-3 
Ammonia ‘ic. solic tne .ae 21 4-9 16:2 
Rotasht). Hern speonaabnee oft 6-6 6-6 6-6 
pode foo.) obs a eee 55 5-5 56 
Sulphuri¢saciad sew. bs 122 4-0 3-9 3:3 
Phosphoric: acid 2/iisy2e) 24 0-7 0:3 1-5 
Ghiorine -\. :.. ules. te arate: 2:7 2:7 27 
Lime >.) .ssdede: We ated: 06 trace trace 
Magnesia 92.2. 4 tia here 0-4 0-3 0-4 
Alumina, oxide of iron, and 

oxide of manganese - ... -- 0-1 trace — 

Silicaaitia tg. anew 2. diper crhe 0-4 0.1 0-1 

1000 998-2 999-0F 


The first variety of fermented urine (A.), had stood four weeks in 
the air in its natural state of dilution ; the second (B.}, had been mix- 
ed while recent with an equal bulk of water—which is again deducted 


* This takes place by the decomposition at the same time of two atoms of the water in 
which it is dissolved. Thus urea is represented by €2 Hy N2 Og; two of water by 2HO; 
and carbonate of ammonia by N H3 + © O2; and the change is thus shown— 

2of 2 of 
Urea. Water. Carbonate of Ammonia. 
Co H4 No O2-+2H O=2(N H3+ C O2) 

t The small quantity necessary to make up the 1000 parts in the two latter analyses con- 
sisted of a deposit of carbonate and phosphate of lime and other earthy matters which 
had gradually been formed, and of a trace of vinegar and of sulphuretted hydrogen.—See 
Sprengel, Lehre vom Diinger, pp. 107 to 110. 
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from it in the analysis—with the view of ascertaining how far such 
an admixture would tend to retain the volatile ammonia produced by 
the natural decomposition of the urea. 

An inspection of these tables shows three facts of importance to 
the agriculturist— 

1°. That the quantity of urea in the urine of the cow is considerably 
greater than in that of man; 2°. 'Thatas the urine ferments, the quan- 
tity of urea diminishes, while that of ammonia increases—owing, as I 
have already stated, to the gradual decomposition of the urea and its 
conversion into carbonate of ammonia; and 3°. That by dilution with 
an equal bulk of water the loss of this carbonate of ammonia, which 
would otherwise naturally take place, is ina considerable degree pre- 
vented. The quantity of ammonia retained by the urine, after dilu- 
tion, was in the same circumstances nearly three times as great as when 
it was allowed to ferment in the state in which it came from the cow. 

But even by this dilution the whole of the ammonia is not saved. 
One hundred parts of urea form by their decomposition 564 parts of 
ammonia, and as 36 parts of the urea in the urine B. had disappear- 
ed, there ought to have been in its stead 19 parts of ammonia in ad- 
dition to that which the urine contained in its recent state, or 21 parts 
in all—whereas the table shows it to have contained only 16 parts. 
Even when diluted with its own bulk of water, therefore, the urine 
had lost by fermentation in the open air upwards of one-fourth of 
the ammonia produced in it during that period. ‘This shows the ne- 
cessity of causing our liquid manures to ferment in covered cisterns, 
or of adopting some other means by which the above serious loss of 
the most valuable constituents may be prevented. 

3°. The urine of the horse, sheep, and pig, have not been so care- 
fully analysed as that of the cow. They consist essentially of the 
same constituents, and the specimens which have been examined 
were found to contain the three most important of these in the follow- 
ing proportions : 


Horse. Sheep. Pig. 
Wi ater of .0t fouiaw | 940 960 926 
Wheea J 98s 97 7, Te 28 56 
Saline substances. . 53 12 18 
1000 1000 1000 


Some of the saline substances present in the urine, as above stated, 
contain nitrogen. This is especially the case in the urine of the horse, 
so that the quantity of urea above given is not to be considered as re- 
presenting the trae ammonia-producing power of the urine of this ani- 
mal. The urine of the pig, if the above analysis is to be relied upon as 
any thing like an average result, is capable of producing more ammonia 
from the same quantity than that of any other of our domestic animals. 
§ 11. Of the waste of liquid manure—of urate, and of sulphated urine. 

1°. Waste of human urine.—The quantity of solid matter contain- 
ed in the recent urine voided in a year by a man, ahorse, anda cow, 
and the weight of ammonia they are respectively capable of yielding, 
may be represented as follows: 
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Quantity of urine. Solid matter. Containing of urea. And yielding of ammonia. 


Man 1000 Ibs. 67 Ibs. 30 Ibs. 17 lbs. 
Horse 1000 * 60 “* vi 2 
Cow 13000 « 900“ 400 “* 230* “* 


How much of all this enriching matter is permitted to run to waste ? 
The solid substances contained in urine, if all added to the land, would 
be more fertilizing than guano, which now sells at £10 a ton. Hf we 
estimate the urine of each individual on an average at only 600 lbs., 
then there are carried into the common sewers of a city of 15,000 in- 
habitants, a yearly weight of 600,000 pounds, or 270 tons, of manure, 
which, atthe present price of guano, is worth £2700,—which would no 
doubt prove more fertilizing than its own weight of guano, and might be 
expected to raise an increased produce ofnot less than 1000 qrs. of grain. 

The saving of all this manure would be a great national benefit, 
though it is not easy to see by what means it could be effectually ac- 
complished. What is thus carried off by the sewers and conveyed 
ultimately to the sea, is drawn from and lost by the land, which must, 
therefore, to a certain extent be impoverished. Can we believe that 
in the form of fish, of sea tangle, or of spray, the sea ever delivers 
back a tithe of the enriching matter it daily receives from the land ? 

2°. Urate.—In order to prevent a portion of this waste, the practice 
has been introduced into some large cities of collecting the urine, add- 
ing to it one-seventh of its weight of powdered gypsum, allowing 
the whole to stand fer some days, pouring off the hquid and drying 
the powder. Under the name of wrate this dry powder has been high- 
ly extolled, but it can contain only a small portion of what is really 
valuable in urine. The liquid portion poured off must contain most 
of the soluble ammoniacal and other salts, and even were the whole 
evaporated to dryness, the gypsam does not act so rapidly in fixing 
the ammonia as to prevent a considerable escape of this compound 
as the fermentation of the urine proceeds. 

3°. Sulphated urine.—A method of more apparent promise is that 
now practised by the Messrs. Turnbull of Glasgow, of adding diluted 
sulphuric acid to the urine as the ammonia is formed in it, and subse- 
quently evaporating the whole to aryness. From the use of this sub- 
stance very favorable results may be anticipated.f Still none of these 
preparations will ever equal the urine itself, part of the efficacy of 
which depends upon the perfect state of solution in which all the sub- 
stances it contains exist, and wpon the readiness with which in this 
state they make their way into the roots of plants. 

4°. Loss of cow’s urine.— When left to ferment for five or six weeks 


* The numbers given above, and in p. 460, are calculated from the analysis of the urine 
of the horse by Fourcroy and Vauguelin, and of that of the cow by Sprengel. Boussingault, 
however, obtained very different results. Thus a cow and a horse, on which his experi- 
ments were made, yielded a quantity of urine which in a year would have amounted te, 
and would have contained, 7m pownds— 

Containing of Capable of yield- 
Quantity. Solid matter (total). Inorganic matter. Nitrogen. ing of ammonia. 

Cow 6570 773 309 2 35 

Horse 1100 243 89 30 36 

The cow yielded at the same time 19 Ibs. of milk each day, which accounts for the 
smaller proportion of urine voided, than is given in the text. It is remarkable, however, 
that the quantity of nitrogen contained in an equal weight of the urine of the horse was in 
this case so much greater than that of the cow—and in that the whole amount which would 
have been yielded by that of a cow ina year should be so very much less than in the re- 
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alone, and with the addition of an equal bulk of water, the urine of 
the cow loses, as we have seen, a considerable proportion of volatile 
matter, and in these several states will yield in a year— 

Sol'd matter. Yielding of ammonia. 


Recent urine........ tO Ee 900 lbs. 226 |bs. 
Mixed with water, after 6 weeks.. 850 “ 200 * 
Unmixed, after 6 weeks.......... 550 “ 30 “ 


Those who scrupulously collect in tanks and preserve the liquid ma- 
nure of their stables, cow-houses, and fold-yards, will see, from the 
great loss which it undergoes by natural fermentation, the propriety 
of occasionally washing out their cow-houses with water, and, by thus 
diluting the liquid of their tanks, of preserving the immediately 
operating constituents of their liquid manure from escaping into the 
air. Even when thus diluted it is desirable to convey it on to the 
land without much loss of time, since even in this state there is a con- 
stant slow escape, by which its value is daily diminished. Gypsum, 
sulphate of iron, and sulphuric acid, are, by some, added for the pur- 
pose of firing the ammonia, but in addition to diluting it, an admix- 
ture of rich vegetable soil, and especially of peat, will be much more 
economical, and—except in so far as the gypsum or sulphuric acid 
themselves act as manures—nearly as effectual. 

But these remarks apply only to the liquid manure when collected. 
How much larger a waste is incurred by those who make no effort to 
collect the urine of their cow-houses or stables! The recent urine of 
one cow is valued in Flanders—where liquid manures are highly es~ 
teemed—at 40s. a year. It contains on an average, as we have seen, 
900 Ibs. of solid matter, and this estimated at the price of guano only, 
is worth at present £4 sterling. Multiply this by 8 millions, the num- 
ber of cattle said to exist in the United Kingdom, and we have 32 mil- 
lions of pounds sterling, as the value of the urine, supposing it to be 
worth no more than the foreign guano. It is impossible to estimate 
how much of this runs to waste, but 1-10th of it will amount to nearly 
as much as the whole income-tax recently laid upon the country. The 
practical farmer who uses every eflort to collectand preserve the ma- 
nure which nature puts within his reach, is deserving of praise when 
he expends his money in the purchase of manures brought from a dis- 
tance, of whatever kind they may be; but he, on the other hand, is 
only open to censure who puts forward the purchase of foreign ma- 
nures as an excuse for the neglect of those which are running to 
waste around him. Let every stock farmer, with the help of the 
facts above stated, make a fair calculation of what is lost to himself 
and to the country by the hitherto unheeded waste of the urine of 
his cattle, and he will be able clearly to appreciate the importance of 
taking some steps for preserving it in future. 
sult obtained by Sprengel. The milk did not contain nitrogen snfficient to yield more than 
45 lbs. of ammonia, and this, added to the 35 lbs. makes only 80 lbs. in all—whereas 
Sprengel gives 230 lbs. as the quantity which recent urine is capable of yielding. This re- 
markable difference must be ascribed either to an actual loss of volatile matter by the urine 


analysed by Bouss'ngault, or—which is more probable—to a difference in the qnality of the 
food on which the two animals were fed. 


* The Messrs. Turnbull inform me that with this stw’phated wrine, under the incorrect 
name of sulphate of ammonia, the experiments of Mr. Burnet were made (p. 362), as well 
as those of Mr. Fleming =e Mr. Alexander, detailed in the Appendix. 

20* 
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§12. Of solid animal manures—night soil, the dung of the cow, the 
horse, the sheep, and the pig. 

1°. Night soil is in general an exceedingly rich and valuable ma- 
nure, but its disagreeable odour has in most countries rendered its 
use unpopular among practical men. This unpleasant smell may be _ 
in a great measure removed by mixing it with powdered charcoal or 
with half-charred peat,—a method which is adopted m the manufac-=— 
ture of certain artificial manures. Quick-lime is in some places em- 
ployed for the same purpose, but though the smell is thus got rid of, 
a large portion of the volatile ammonia produced during the decom- 
position of the manure is at the same time driven off by the lime. 

In general, night soil contains about three-fourtlis of its weight of 
water, and when exposed to the air undergoes a very rapid decompo- 
sition, gives off much volatile matter—consisting of ammonia, of car- 
bonic acid, and of sulphuretted and phosphuretted hydrogen gases— 
and finally loses itssmell. In the neighborhood of many large cities, the 
collected night soil is allowed thus naturally to ferment and lose its smell, 
and is then dried and sold for manure, under the name of poudrette. 

But by this fermentation a very large proportion of valuable matter 
is permitted to escape into the air. To retain this, gypsum or dilute 
sulphuric acid may be added to the night soil, but the more economi- 
cal and generally practicable method is to mix it with earth rich in ve- 
getable matter, with partially dried peat, with saw-dust, or with some 
other readily accessible absorbent substance. In this way a rich and 
fertilizing compost will be obtained, which will have little smell. and 
yet will retain most of the virtues of the original manure. 

In China the fresh night soil is mixed up with clay and formed into 
cakes, which when dried are sold under the name of Va/ffo, and form 
an extensive article ofcommerce in the neighborhood of the larger cities. 

The composition of night soil, and consequently its value as a ma- 
nure, varies with the food, and with many other circumstances (p. 470). 
The excrements ofa healthy man were found by Berzelius to consist of: 


WHareG es se meets 733 | Mucilage, fat, and other ani- 

FN 2755s Ce 1 A eg Sa Mall Matters gs ee eee 167 

Re nn ert Begs cle caar a cael 9 | Undecomposed food... ..... 70 

Saline matter. occ ce ee 12 | “1000 
Of the excrement when freed from water 1000 parts left 132 ofash,viz. 

Carbonate of soda .......-.. 8 | Phosphate of lime and magne- 

Sulphate of soda, with a little sia, anda trace of gypsum. .100 
sulphate of potash, and phos- | aliggy. jase hy teriate ocnpediee alee 
phate of-soda. . <s:s. - [can 8 132 


2°. Cow dung forms by far the largest proportion of the animal ma- 
nure which in modern agriculture is at the disposal of the practical 
farmer. It ferments more slowly than night soil, or than the dung of 
the horse and the sheep. In fermenting it does not heat much, and it 
gives off little of an unpleasant or ammoniacal odour. Hence it acts 
more slowly, though for a longer period, when applied to the soil. 

The slowness of the fermentation arises chiefly from the smaller 
quantity of nitrogen, or of substances containing nitrogen, which are 
present in cow dung, but in part also from the food swallowed by the 
cow being less perfectly masticated than that of man or of the horse. It 
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is a consequence of this slower fermentation, that the same evolution 
of ammoniacal vapours is not perceived from the droppings of the cow 
as from night soil and from horse dung. Yet by exposure to the air, it 
undergoes a sensible loss, which in 40 days has been found to amount 
to 5 per cent. or nearly one-fifth of the whole solid matter which re- 
cent cow dung contains.* (Gazzeri.) Although, therefore, the compa- 
ratively slow fermentation as well as the softness of cow dung fits it 
better for treading among the straw in the open farm-yard, yet the 
serious loss which it ultimately undergoes will satisfy the economical 
farmer that the more effectually he can keep it covered up, or the 
sooner he can gather his mixed dung and straw into heaps, the great- 
er proportion of this valuable manure will he retain for the future en- 
riching of his fields. 

3°. Horse dung is of a warmer nature than that of the cow. It 
heats sooner, and evolves much ammonia, not merely because it con- 
tains less water than cow dung, but because it is generally also rich- 
er in those organic compounds of which nitrogen forms a constituent 
part. Even when fed upon the same food the dung of the horse will 
be richer than that of the cow, because of the greater proportion of 
the food of the latter which is discharged in the large quantity of urine 
it is in the habit of voiding (p. 470). 

In the short period of 24 hours, horse dung heats and begins to suf- 
fer loss by fermentation. If left ina heap for two or three weeks, scarce- 
ly seven-tenths of its original weight will remain. Hence the propriety 
of early removing it from the stable, and of mixing it as soon as possi- 
ble with some other material by which the volatile substances given 
off may be absorbed and arrested. The colder and wetter cow or pig’s 
dung will answer well for this purpose, or soil rich in vegetable matter, 
or peat, or saw-dust, or powdered charcoal, or any other absorbent sub- 
stance which can readily be obtained—or if a chemical agent be pre- 
ferred, moistened gypsum may be sprinkled among it, or diluted sulphu- 
ric acid. There is undoubtedly great loss experienced from the general 
neglect of night soil, but in most cases the dung of the horse might also 
be rendered a source of much greater profit than it has hitherto been. 

The warmth of horse dung fits it admirably for bringing other sub- 
stances into fermentation. With peat or saw-dust it will form arich 
compost, and to soils which contain much inert vegetable matter it can 
be applied with great advantage. Horse and cow dung, in the dry 
state, have been subjected to ultimate analysis by Boussingaultf, 
(Ann. de Chim., Ixv., pp. 122, 134,) with the following results :— 

Dung of the Horse. Dung of a Milk Cow. 
38:7 42-8 


ROAM LS 3 ot Peta bs ate 2 
Hydrogen xalae 4 51 5:2 
DO neces Sat Cae hae 377 37:7 
PRUE OR Ls hex «: Sio-5-<: <ecten Aas 2-2 2:3 
(Ashesivioth gc. 2S SOE 16°3 12-0 
100 100 
WV ater pii-sa: Snes te. nites . 300 566 
400 666 — 


* Cow dung consisting of 75 of water and 25 of dry solid matter, of which latter 5 disappear. 
t Recent horse dung losing 76 per cent. of water by drying, of cow dung 75 per cent. 
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The proportion of nitrogen contained in the two manures, according 
to these results, is so nearly alike—being in reality greater in the cow 
dung—that were we to consider the above numbers to represent the 
average constitution of the droppings of the horse and cow, we should 
be compelled to ascribe the difference in their qualities solely to the 
different states in which the elements exist in the two, and to the pro- 
portions of water they respectively contain. But the nature of the 
food and other circumstances affect the quality of these manures so 
much (p. 470), that we cannot as-yet draw any general conclusion 
from the results obtained in one special case. ; 

4°, Pig’s dung is still colder and less fermentable than that of the 
cow. It is characterized by an exceedingly unpleasant odour, which 
when applied to the land alone it imparts to the crops, and especially 
to the root crops which are manured with it. Even tobacco, when 
manured with pig’s dung, is said to be so much tainted that the leaves 
subsequently collected are unfit for smoking [Sprengel, Lehre vom 
Diinger, p. 38.] It is a good manure for hemp and other crops not 
intended for food, but is best employed in a state of mixture with the 
other manures of the farm-yard. 

5°. Sheep’s dung is a rich dry manure, which ferments more readi- 
ly than that of the cow, but less so than that of the horse. A speci- 
men examined by Zierl consisted of— 


Wiater aay roe? so. Tang BL Tg Te ite 68-0 per cent. 

Animal and vegetable matter... ......- 19°3 se 

Saline matter, or ash... ........0..522°127 « 
100 


The food of the sheep is more finely masticated than that of the cow, 
and its dung contains a little less water, and is probably richer in nitro- 
gen; hence its more rapid fermentation. When crops are eaten off 
by sheep, their manure is more evenly spread over the field, and is, at 
the same time, trodden in. When thus spread it decomposes more 
slowly than when it is collected into heaps, and the ammonia and other 
useful products of the decomposition are absorbed in great part by the 
soil as they are produced. ‘Those soils in which a considerable quan- 
tity of vegetable matter is already present, are said to be most bene- 
fitted by sheep’s dung, because of the readiness with which they ab- 
sorb the volatile matters it so soon begins to give off. 

Sheep’s dung is said to lengthen the straw of the corn crops, and 
to produce a grain rich in eluten—and unfit therefore for seed, for the 
manufacture of starch, or for the purposes of the brewer and the dis- 
tiller (Sprengel.) It may be doubted, however, whether these can as 
yet be safely considered as the universal eflects of sheep’s dung upon 
every soil, and when the animals are fed upon every kind of food. 


§ 13. Of the quantity of manure produced from the same kinds of 
food by the horse, the cow, and the sheep. 


The carefully conducted experiments of Block give the following 
as the total quantities of manure, solid and liquid, produced from 100 
Ibs. of the different kinds of food by the cow, the horse, and the sheep. 
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Quantity of manure in lbs., produced by 


——_——_ + -- Water in 
From 100 lbs. of THE Cow. THE HORSE. THE SHExpP. the manure, 
' fresh. dried. fresh. dried. fresh. dried. per cent. 
PN ian hin iti irdarieniie van) — — 22 53 —- — 7 
LW, 5 aed Seana pores eeeee — — 204 51 = = 73 
Ryeand other straws(chopped)268 43 168 42 117 40 66 to 84 
Hay crecn tents: fens sateen 275 44 172 43 123 42 do. do. 
Potatoes (containing 72 per ct. 
OM Pater) err. o. eb ae we: 87314 — — 38 18 do. do. 
Turnips (containing 75 per cent. 
CG ter) ah Ses. 2c BBR ee 343 6 i i 84 
Carrots (87 per cent. of water) 37 6 — — — = 84 


Green Clover (79 perct. water) 653 9 — — — — 86 
After 8 days. After 3 weeks. After 8 weeks. 

Rye Straw (used for bedding) 238 96 269 97 206 95 54 to64 

One important theoretical result is presented in this table—that 
the manure voided by an animal contains very much less solid matter 
than the food it has consumed. We shall presently see how this fact 
is to be explained (p. 472), and, at the same time, what light it throws 
upon the quality of the manure produced. 

The most valuable practical results from the above experiments are— 

1°. That for 100 lbs. of dry fodder the horse or cow will give on 
an average 216 lbs. of fresh or 46 lbs. of dry manure—the sheep 128 
Ibs. moist or 43 lbs. dry. 

2°, That root crops, on an average, give about half their weight 
of fresh or one-twelfth of dry manure—the potatoe giving more and 
the turnip less. 

3°. That green crops give about half their weight of fresh or one- 
eighth of dry manure. 


§ 14. Of the relative fertilizing values of different animal excretions. 

1°. The theoretical value of different animal excretions calculated 
solely from the quantity of nitrogen which the specimens examined 
were found respectively to contain, is thus given by Payen and Bous- 
singault. The numbers opposite to each substance indicate the weights 
of that substance which ought to produce an equal effect with 100 lbs. 
of farm-yard manure in the recent and in the dry states :— 


Eqnal effects ought to be produced by 
in the dry state. artificially dried. 


FATTO VAG IBN oo as apenas yet ere 100 lbs. 100 Ibs. 
yy OES "AEE A LE TTT WE 121 84 
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TT eet ES RP eee ae ee EE Es gust BB. Sy 
Mixed excrements of the—Pig........... 63, 58: 
PAQIEO 2 5-5 op ers 54 64 * 
EL ie 36.0% 65 “ 
PISCOD wh3.0.<1004 3 5, 22 
Poudrette...... 103 44 « 
Another variety 26 “ 736 


Too much reliance is not in any case to be placed upon the princi- 
ple of classifying manures solely by the proportion of nitrogen they 
contain (pp. 441 & 454)—much less ean we depend upon the order of 
value it assigns to substances the composition of which is liable to 
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constant change from the escape of those volatile compounds in which 
the nitrogen principally exists. 

2°. A series of experiments made by Hermbstiidt upon the quantity 
of grain of different kinds, raised in the same circumstances by equal 
weights of different manures, gave the following results : 


Number of seeds reaped from 


Manure applied. Wheat. Barley. Oats. Rye. 
Oxibloods: ge. Sse ohLOA EE 14 16 12} 14 
imnE SOU, 2". 2's Ko I ES — 13 145 134 
Gheep’s.dungs 22.2 .2%.528% 12 16 14 13 
luman arines: 21). pads? Se oR 131 13 13 
Blorse: dung tii 22's See 10 13 14 11 
Pippom dane OS. nae eee tage — 10 12 9 
Compaunsr icp. cat. hee ee LE 16 9 
Vegetable matter............. 3 7 13 6 
Mnittaintiod M8. See Eas oa — 4 5 4 


If the results contained in this table were to be depended upon, it 
would appear that, in so far as the quantity of the produce is concern- 
ed, these manures severally exercise a special action upon certain 
crops—that night-soil, for example, is most propitious to rye, cow 
dung to oats, and sheep’s dung to barley and wheat. And the latter 
fact would seem at once to justify and to recommend the eating off 
with sheep preparatory to either of the latter crops. 

None of these kinds of manure. however, is constant in composition, 
and the following observations will satisfy you that implicit reliance 
ought not to be placed either upon the relative practical values of the 
different animal manures as they appear in the latter table, nor on 
their theoretical values as exhibited in the former. 


§ 15. Influence of circumstances on the auaurry of animal manures. 

The quality of the droppings of animals considered as manures is 
affected by a great variety of circumstances—such as 

1°. By the kind of food upon which the animal is fed.—Thus night 
soil is more valuable in those countries and districts in which much 
flesh meat is consumed, than where vegetable food forms the principal 
diet of the people. Itiseven said by Sprengel, that in the neighborhood 
of Hildesheim the farmers give a higher price for the house manure 
of the Lutheran than for that of the Roman Catholic families, because 
of the numerous fasts which the latter are required to observe. Vouk 
vom Diinger, p. 142.) Every keeper of stock also knows that the ma- 
nure in his farm-yard is richer when he is feeding his cattle upon oil- 
cake, than when he gives them only the ordinary produce of his farm.— 
| 12 loads of the dung of animals fed (while fattening) chiefly upon oil- 
cake was found to give a greater produce than 24 loads from store stock 
fed in the straw yard.— Complete Grazier, 6th edit., p. 103.] 

2°. By the quantity of urine voided by the animal.—Upon the unlike 
quantities of urine they produce appears mainly to depend the unlike 
richness of the dung of the horse and of the cow. The latter animal, 
when full grown and not in milk, voids nearly 13 times as much urine 
as the former (p. 460), and though an equal bulk of this urine is poorer 
in solid matter, yet the whole quantity contains several times as much 
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* as is present in that of the horse. But if the cow discharges more in 
its urine it must void less in its solid excretions. Hence, supposing the 
food of a full-grown horse and of a cow to be very nearly the same, 
the dung of the former—the less urine-giving animal—must be the 
richer, the warmer, and the more valuable—as it is really known to be. 

3°. By the amount of exercise or labor to which the animal is sub- 
jected.—The greater the fatigue to which an animal is subjected the 
richer the urine is found to be in those compounds (urea chiefly ) which 
yield ammonia by their decomposition (Prout). The food of two 
animals, therefore, being the same—other things also being equal— 
the solid excretions will be richer and more fertilizing in that which 
is kept in the stall or fold-yard, the urine in that which is worked in 
the open air or pastured in the field. 

4°. By the state of growth to which the animal has arrived.—A 
full-grown animal has only to keep wp its weight and condition by the 
food it eats. Every thing which is not necessary for this purpose, 
therefore, it rejects either in its solid or in its liquid excretions. A young 
animal, on the other hand, adds to and increases its bone and muscle 
at the expense of its food. It rejects, therefore, a smaller proportion 
of what it eats. Hence the manure in fold-yards, where young cattle 
are kept, is always less rich than where full-grown animals are fed. 

5°. By the purpose for which the animal is fed.—Is it to be im- 
proved in condition? Then the food must supply it with the mate- 
rials for increasing the size and strength of its muscles—with albu- 
men, or fibrin, or other substances containing nitrogen. In such sub- 
stances, therefore, or in nitrogen derived from them, the droppings 
must be poorer, and as a manure, less valuable. 

Is the animal to be fattened? Then its food must supply fatty mat- 
ters, or their elements, of which nitrogen forms no part. All the ni- 
trogen of the food, therefore, will pass off in the excretions, and hence 
the richest manure yielded at any time by the same species of ani- 
mal is that which is obtained when it is full-grown, and, being large- 
ly fed, is rapidly fattening. 

Is the cow kept for its milk? Then the milk it yields is a daily 
drain upon the food it eats. Whatever passes into the udder is lost 
to the dung, and hence, other things being equal, the dung of a milk 
cow will be less valuable to the farmer than that of a full-grown ani- 
mal from which no milk is expected, or than that of the same animal 
when it is only laying-on fat. 

6°. By the length of time during which the manure has been kept.— 
In 24 hours, as we have seen, the dung of the horse begins to fer- 
ment and to lessen in weight. All rich manures in like manner—the 
dung of all animals especially—decompose more or less rapidly and 
part with their volatile constituents. The value we assign to them 
to-day, therefore, will not apply to them to-morrow, and hence the 
droppings of the same animal at the same age, and fed in the same 
way, will be more or less valuable to the farmer according to the 
length of time during which they have been permitted to ferment. 

7°. Lastly. By the way in which the manure has been preserved.— 
The mixed dung of the farm-yard must necessarily be less valuable 
where the liquid manure is allowed to run of!—or where it is permitted 
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to stand in pools and ferment. Twenty cart-loads of such dung may 
hasten the growth of the turnip crop in a less degree than half the 
weight will do, where the liquid manure has been carefully collected 
and returned upon the heaps—to hasten and complete their fermenta- 
tion, and to saturate them with enriching matter. 


Since, then, the quality or richness of the dung of the same animal is 
liable to be affected by so many circumstances—it is obvious that no 
accurate general conclusions can be drawn in regard to its precise 
fertilizing virtue when applied to this or to that crop, or to its relative 
fertilizing value when compared with equal weights of the dung of 
other animals. The results obtained in one set of analyses, as in that 
of Boussingault, or in one series of practical experiments, as in that 
of Hermbstiidt (p. 470), will not agree with those obtained in any 
other—because the substances themselves with which our different 
experiments are made, though called by the same name, are yet very 
unlike in their chemical properties and composition. 


§ 16. Of the changes which the food undergoes in passing through 
the bodies of animals. 

It is the result of long experience that vegetable matter is more 
sensibly active as a manure, after it has passed through the body of an 
animal, than if applied to the land in its unmasticated and undigested 
state. In becoming animalized, therefore—as it has been called— 
vegetable substances have been supposed to undergo some mysteri- 
ous, because not very obvious or intelligible, internal change, by which 
this new virtue isimparted to them. Yet the change is very simple, 
and when explained is not more satisfactory than it is beautiful. 

You will recollect, as I have already stated to you (p. 469), that 
the weight of dry manure voided by an animal is always considerably 
less than that of the dry food eaten by it. Upon the nature and 
amount of this loss which the food undergoes depends the quality of 
the manure obtained. 

This you will readily comprehend from the following statement : 

1°. Every thing which enters into the body in the. form of food must 
escape from the body in one or other of three different forms. It must 
be breathed out from the lungs, perspired by the skin, or rejected in the 
solid or liquid excretions. We have already seen (Lec. VIIL., § 3), 
that the function of the lungs is to give off carbon in the form of car- 
bonic acid, while they drink in oxygen from the air—and that the quan- 
tity of carbon thus given off by a healthy man varies from 5 to 13 or 
more ounces in the 24 hours. From the skin also carbon escapes along 
with a small and variable proportion of saline matter. The weight 
of carbon given off by the skin has not been accurately ascertained. 
Let us leave it out of view for a moment, and consider solely the ef- 
fect of respiration upon the nature of the solid and liquid excretions. 

Suppose a healthy man, taking a moderate degree of exercise, to 
give off from his lungs 6 ounces of carbon in 24 hours, and to eat 
during the same time 2 lbs. of potatoes, half a pound of beef, and 
half a pound of bread. Then he has taken in his food— 


‘ 
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Carbon. Nitrogen. Saline matter. 
Wy tie Potiipes.- 2... . . - os, 1716 grs. 47 grs. 196 grs. 
dnthe bread... euieereries . . . %.- 1004 “* 34 22 
ithe weer eee... ks... CSO 120 © 35 “6 


3510 grs. 201 grs. 253 grs. 
And he has given off in respiration 2625 “ 
Leaving to be rejected sooner or 

later in the excretions. ....... or) aie LR 253 % 

In this supposed case, therefore, the carbon, nitrogen, and saline 
matter were to each other nearly as the numbers 

Carbon. Nitrogen. Saline matter. 
35 2 2h in the food, 
and as 9 2 21 in the excretions: 
Or, in other words, the carbon being in great part sifted out of the 
food by the lungs, the excretions are necessarily much richer in ni- 
trogen and in saline matter, weight for weight, than the mixed vege- 
table and animal matters on which the man has lived. 

But the immediate and most sensible action of animal and vegetable 
substances, as manures, depends upon the proportion of nitrogen and sa- 
line matters they contain. This proportion, then, being greater in the ex- 
cretions than in the crude vegetables, the cause of the higher estimation 
in which the former are held by the practical farmer is sufficiently clear. 

2°. In the above case I have supposed the allowance of food to be 
such only as a person of sedentary habits would consume, and the 
quantity of carbon given off from the lungs to be such as his habits 
would occasion. But if the weight of carbon given off from the lungs 
and skin together amount, as it often does, to 15 ounces,* the quantity 
of food must be greatly increased beyond the quantity I have stated, 
if the health and strength are to be sustained. By such an increase 
of food—the carbon being removed by respiration—the proportion of 
nitrogen and of saline matters in the excretions may be still further 
increased, or as manures they may become still richer and more im- 
mediately fertilizing. 

3°. Let me present to you the results of an actual experiment made 
by Boussingault upon a horse fed with hay and oats—and of which 
both the food and the excretions were carefully analysed. 

In 24 hours the horse consumed— 


: Carbon. Nitrogen. Saline matter. 
Hay, 161 Ibs.,f containing. ....... 45,500 grs. 1,500 grs. 8,960 gers. 
Oats, 5 Ibs....-......--......-- 15,000 “ 650 “ 1,180 “ 
Wr AE ROO es ow es 60,500" © ~"'2;150 “" 10,140" « 


And gave off from the lungs & skin 37,960 “ 
Leaving to be rejected in the ex- 


GIR: State Mtl ee Oe 210. S10. ta & 
While there was actually found in 
the.mixed dung... ........). +... 22,540 “ 1,770 *° 10,540.“ 


* Liebig estimates the quantity of carbon which escapes from the lungs and skin of a 
healthy man, taking moderate exercise, at 13:93 ounces (Hessian), or 15'4 ounces avoirdu- 
pois, in 24 hours. 


t Each containing about 14 per cent. of water.—Annales de Chim. et de Phys., 1xxi., p. 136. 
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In this case, then, the carbon, nitrogen, and saline matter were con- 
tained in the proportion of— 
Carbon. Nitrogen. Saline matter. 


in the food, 
and of 104 1 5 in the dung; 
The analysis of the dung itself proving that in passing through the 
body of an animal, the food— : 

a diminishes very considerably in weight ; 

b losing a large but variable proportion of its carbon, 

c but parting with scarcely any of its nitrogen and saline matter— 
and therefore 

d that the fertilizing virtues of the dung above that of the food of 
animals—weight for aveight—depends mainly upon the larger pro- 
portion of these two constituents (the nitrogen and the saline matter) 
which the dung contains. 

I have only further to remind you upon this subject, that the state 
of combination also in which the nitrogen exists in the excretions has 
a material influence in rendering their action more immediate and 
sensible than that of unchanged vegetable matter. It passes off for 
the most part in the form of urea, which is resolved into ammonia and 
its compounds more rapidly than the albumen of the dried or even of 
the recent plant, and is thus enabled sooner to exert an appreciable 
influence upon the growing crop. 


§17. Of farm-yard manure, and of the state in which it ought 
to be applied to the land. 


The manure of the farm-yard consists, for the most part, of cow- 
dung and straw mixed and trodden together, in order that the latter 
may be brought into a state of decomposition. In the improved hus- 
bandry, where green crops are extensively grown and many cattle 
are kept, the horse-dung forms only a small proportion of the whole 
manure of the farm-yard. 

On an average, the quantity of recent manure obtained in the farm- 
yard amounts toa little more than twice the weight of the dry food of 
the cattle and of the straw spread in the farm-yard or in the stables 
(p. 469). That is to say, for every 10 cwt. of dry fodder and bedding, 
20 to 23 ewt. of fresh dung may be calculated upon. But if green 
clover or turnips (every 100 Ibs. of which contain from 70 to 90 lbs. 
of water) be given to the cattte, an allowance must be made for the 
water they contain—the quantity of mixed manure to be expected 
being from 2 to 24 times the weight of the dry food and fodder only. 

But the recent manure loses weight by lying in the farm-yard. The 
moisture evaporates and volatile matters escape by fermentation. By 
the time that the straw is half rotten this loss amounts to one-fourth of 
the whole weight, while the bulk is diminished one-half. If allowed to 
lie still longer the loss increases, till at length it may approach to one- 
half of the whole, leaving a weight of dung little greater than that of 
the food and straw which have been consumed. The weight of com- 
mon mixed farm-yard dung, therefore, obtained from 10 ewt. of dry food 
and straw, at different periods, may be thus stated approximately— 
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10 ewt. of dry food and straw yield of recent dung 23 to 25 ewt. 


At the.endrof six: weeks... <<. eae J secs Seda 12 21 cwt. 
After eight weelsigh > +). 2. s-plawha-wacs p-0}- bee 20 cwt. 
When half-rotien rises 1). alsa seeds - kes:-'s sere. 5:b9: to 17 \cwt. 
Wehentfally-retiemer yas. basis aed Seat ld owt oen ¢ 10 to 13 ewt. * 


These quantities, you will observe, are supposed to be obtained in 
the common open farm-yards, with the ordinary slow process of fer- 
mentation. An improved, quicker, or more economical mode of fer- 
menting the mixed dung and straw may be attended with less loss 
and may give a larger return of rich and fully-rotten dung. 

A knowledge of these facts shows clearly what is the most eco- 
nomical form in which farm-yard manure can be applied to the land. 

1°. The more recent the manure from a given quantity of food and 
straw is ploughed in, the greater the quantity of organic matter we 
add to the land. When the only object to be regarded, therefore, 
is the general enriching of the soil, this is the most economical and 
the most expedient form of employing farm-yard manure. 

2°. But where the soil is already very light and open, the plough- 
ing in of recent manure may make it still more so, and may thus ma- 
terially injure its mechanical condition. In such a case the least of 
two evils must be chosen. It may be better husbandry—that is, more 
economical—to allow the manure to ferment and consolidate in the 
‘farm-yard with the certainty of a considerable loss, than to diminish 
the solidity of the land by ploughing it in in a recent state. 

3°. Again—in the soil, a fermentation and decay similar to that 
which takes place in the farm-yard will slowly ensue. The benetit 
which generally follows from causing this fermentation to take place in 
the field rather than in the open yard is, that the products of the decom- , 
position are taken up by the soil, and thus waste is in a great measure 
prevented. Butin very light and open soils, this absorption of the pro- 
ducts of decay does not take place so completely. The rains wash out 
some portions, while others escape into the air, and thus by burying the 
recent manure in such soils, less of that waste is prevented which when 
left in the open air itis sure to undergo. It may even happen, in some 
cases, that the waste in such a soil will not be greatly inferior to that 
which necessarily takes place in the farm-yard. The practical man, 
therefore, may question whether, as a general rule, it would not be safer 
in farming very light arable lands, to keep his manure in heaps till it is 
well fermented, and to adopt those means for preventing waste in the 
heaps themselves which science and practical skill point out to him. 

It may be regarded indeed as a prudent and general opinion to hold 
—one, however, which must not be maintained in regard to any par- 
ticular tract of land in opposition to the results of enlightened expe- 
rience—that recent farm-yard manure (long dung) is not suited to 
very light soils, because it will render them still lighter, and because 
im them the manure may suffer almost as much waste as in the farm- 


*Io an excellent little practical work printed for private circulation, under the title of 
“ Notes on the Culture and Cropping of Arable Land,” by the late Dr. Coventry, of Edin- 
burgh, the reader will find a valuable section upon manures. The most complete work 
now in existence upon the general subject of agricultural statics, is that of Hlubek, Die Er- 
nahrung der Pflanzen une die Statik des Landbaues. 
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yard ;—and, therefore, that into such soils it should be ploughed in 
the compact state (short dung), and as short a time as possible be- 
fore the sowing of the crop which it is intended to benefit. 


4°. But upon loamy and clay soils the contrary practice is recom- | 


mended. Such soils will not be injured, they may even be benefitted 
by the opening tendency of the unfermented straw, while at the same 
time the products of its decomposition will be more completely re- 
tained—the land consequently more enriched, and the future crops 
more improved by it. On such soils, the recent dung ploughed in, in 
the autumn, has been found greatly more influential upon the crops 
of corn which followed it, either in winter or in spring, than a propor- 
tional quantity of well fermented manure. By such treatment, in- 
deed, the whole surface soil is converted into a layer of compost, in 


which a slow fermentation proceeds, and which reaches its most fer- _ 


tilizing condition when the early spring causes the young corn to seek 
for larger supplies of food. 

5°. But the nature of the crop he is about to raise will also influ- 
ence the skilful farmer in his application of long or short dung to his 
land. If the crop is one which quickly springs up, runs through a 
short life, and attains an early maturity, he will apply his manure in 
such an advanced state of fermentation as may enable it immediately 
to benefit the rapidly growing plant. In this case, also, it may be 


better to lose a portion by fermenting it in the farm-yard, than, by ap-- 


plying his manure fresh, to allow his crop to reach nearly to maturity 
efore any benefit begins to be derived from it. 

6°. So also the purpose for which he applies his manure will regu- 
late his procedure. In manuring his turnips the farmer has two dis- 
tinct objects in view. He wishes, first, to force the young plants for- 
ward so rapidly that they may get into the second leaf soon enough 
to preserve them from the ravages of the fly—and afterwards to fur- 
nish them with such supplies of food as shall keep them growing till 
they have attained the most profitable size. For the former purpose 
fermented manure appears to be almost indispensable—if that of the 
farm-yard is employed at all—for the latter, manure, in the act of slow 
and prolonged decomposition, is the most suitable and expedient. 

It is because bone-dust is admirably adapted for both purposes, that 
it has become so favourite a manure in many districts for the turnip 
crop. The gelatine of the outer portion of the bones soon heats, fer- 
ments, and gives off those substances by which the young plant is 
benefitted—while the gelatine in the interior of the bone decays, lit- 
tle by little, and during the entire season continues to feed the ma- 
turing bulb. Rape-dust, when drilled in, acts in a similar manner, if 
the soil be sufficiently moist. It may be doubted, however, whether 
its effects are so permanent as those of bones. 

The considerations I have now presented will satisfy you that the 
disputes which have prevailed in regard to the use of long and short 
dung have arisen from not keeping sufficiently distinct the two ques- 
tions—what is theoretically the best form in which farm-yard dung 
can be applied in general ?—and what is theoretically and practical- 
ly the best form in which it can be applied to this or to that crop, or 
for this or for that special object ? 
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§ 18. Of top-dressing with fermenting manures. 


If sc large a waste occur in the farm-yard where the manure is 
left long to ferment—can it be good husbandry to spread fermenting 
manure as a permanent top-dressing over the surface of the fields ? 
This, also, is a question in regard to which different opinions are 
entertained by practical men. ; 

That a considerable waste must attend this mode of application there 
ean be nodoubt. Volatile matters will escape into the air and saline 
substances may be washed away by the rains, and yet there are many 
good practical farmers who-consider this mode of applying such manure 
to be in certain cases as profitable as any that can be adopted. Thus— 

1°. It is common in spring to apply such a top-dressing to old pas- 
ture or meadow lands, and the increased produce of food in the form of 
grass or hay is believed to be equal, at least, to what would have been 
obtained from the same quantity of manure employed in the raising 
of turnips.. Where such is really the case, experience decides the 
question, and pronounces that notwithstanding the loss which must 
occur, this mode of applying the manure is consistent with good 
husbandry. But if the quantity or market value of the food raised by 
a ton of manure applied in this way is not equal to what it would 
have raised in turnips and corn, then it may as safely be said that 
the most economical method of employing it has not been adopted. 

But theory also throws some interesting light upon this question. 

Old grass lands can only be manured by top-dressings. And if 
they cannot continue, and especially such as are meadowed, to yield 
an average produce, unless there be now and then added to the soil 
some of those same substances which are carried off in the crop, it 
appears to be almost necessary that farm-yard dung should now and 
then be applied in some form or other. It is true that hay or straw 
or long dung contains all the elements which the growing grass re- 
quires, but if spread on the surface of the field and then allowed to 
ferment and decay, the loss would probably be still greater than when, 
for this purpose, it is collected into heaps or strewed in the farm-yard. 
Thus the usual practice of laying on the manure in a highly fer- 
mented state may be the most economical. 

2°. Again, where the turnip crop is raised in whole or in part by 
means of bones only, of rape dust, or of other artificial manures, as they 
are called it is usual to expend a large proportion of the farm-yard dung 
in top-dressing the succeeding crop of clover. Thus the land obtains 
two manurings in the course of the four years’ rotation—bones or rape- 
dust with the turnips—and fermented dung with the clover. This 
second application increases the clover crop in some districts one-fourth 
and the after-crop of wheat or barley very considerably also. [Such 
is the case upon some of the farms in the Vale of the’ Tame (Stafford- 
shire,) where the turnips are raised with rape-dust, and wheat follows 
the clover. | 

Here, also, it is clear, that if manure be necessary to the clover, it 
can only be applied in the form ofa iop-dressing. But why is it ne- 
cessary, as experience says, and why should farm-yard manure, which 
is known to suffer waste, be applied as a top-dressing rather than 
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rape-dust, which in ordinary seasons is not so likely to suffer loss? 
I offer you the following explanation :— 
If you raise your turnip crop by the aid of the bones or rape-dust alone 
ou add to the soil what, in most cases, may be sufficient to supply near- 
y all the wants of that crop, but you do not add all which the succeed- 
ing crops of corn and clover require. Hence if these crops are to be 
grown continuously, and for a length of time, some other kind of ma- 
nure must be added—in which those necessary substances or kinds 
of food are present which the bones and rape-dust cannot supply. 
Farm-yard manure contains them all. This is within the reach of 
every farmer. It is, in fact, his natural resource in every such diffi- 
culty. He has tried it upon his clover crop in the circumstances we 
are considering, and has necessarily found it to answer. 

Thus to explain the results at which he has arrived in this special 
case, chemical theory only refers the practical man to the general prin- 
ciple upon which all scientific manuring depends—that he must add to 
the soil sufficient supplies of every thing he carries off in his crops—and, 
therefore, without some such dressing as he actually applies to his 
clover crop, he could not Jong continue to grow good crops of any kind 
upon his land, if he raise his turnips with bones or rape-dust only. 

It might, I think, be worthy of trial, whether the use of the fer- 
mented dung for the turnips, and of the rape-dust for top-dressing the 
after-crops, would not, in the entire rotation, yield a larger and more 
remunerating return. 


§ 19. Of eating off witn sheep. 


The practical advantages derived from eating off turnips and clover 
crops with sheep are mainly of two kinds. Light lands are trodden 
down and solidified, and they are at the same time equably and more 
or less richly manured. With this latter effect, that of manuring, 
some interesting practical facts and theoretical considerations are 
connected. Thus— 

1°. In the preceding lecture (p. 419) I mentioned to you that in some 
parts of Germany, spurry, among other plants, is extensively grown, 
and with much profit, for ploughing in asa green manure. Nowitis 
mentioned that the crops of rye which follow a crop of spurry are some- 
times quite as great when it has been eaten off with sheep or cattle as 
when it has been ploughed in (Von Voght, Uber Manche Vortheile 
der griiner dungung.) _ 

2°. In accordance with this statement is the opinion of many skil- 
ful practical men among ourselves, that a crop of clover or of tares 
will cause a larger after-growth of corn, if it be eaten off with sheep, 
than if it be ploughed in in the green state. 

-The correctness of these practical observations appears from a 
brief consideration of one of those interesting theoretical questions 
we have recently been discussing. 

When a crop is eaten off by full-grown animals, it returns again to 
the soil, deprived of a portion of its carbon only (p. 473.) The manure 
contains all the nitrogen and saline matter of the green vegetables, and 
in a state in which they are more immediately available to the uses of 
the young plant. Thus far, then, we can understand that in certain 
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cases a crop may appear to fertilize the land more after it has been eaten 
and digested, than if it had been ploughed in green, and we can recog- 
nize the correctness of the opinion at which practical men have arrived. 

But theory does not forsake us here. As in all other cases in which 
it furnishes a true explanation of known facts, it points to new facts also, 
which more or less modify our received opinions, and define the limits 
within which their truth can be rigorously maintained. Thus— 

1°. Theory says that if the animals fed upon the green crop be in a 
growing state—if they be increasing in muscle or in bone—they will 
not only dissipate through their lungs and skin a portion of its carbon, 
but will retain also a part of its nitrogen and saline matter, and will 
thus return to the soil, in their excretions, a smaller quantity of these 
substances than the crop would have given to it if ploughed in green. 
If, therefore, a maximum fertilizing effect is to be produced upon a 
field by eating off a green crop, it is not altogether a matter of indif- 
ference what kind of animals we employ as digesters. 

2°. Again, the practice of green manuring is resorted to chiefly 
upon soils which are poor in organic matter—to which the carbon of 
the green crop is of consequence, as well as the nitrogen and saline 
matter it contains. But when eaten off, much carbon is lost to the 
soil, and thus the supply of organic matter which it ultimately gets is 
considerably less than if the crop it bore had been ploughed in in the 
green state. Such soils, then, cannot be equally enriched by the 
former as by the latter method. 

This case presents a very interesting illustration, and one which you 
can readily appreciate, of the kind of useful information which theoreti- 
cal chemistry is capable of imparting upon almost every branch of prac- 
tical agriculture. It says to the farmer—yes, you may in some cases, 
certainly, eat off the crop with advantage—but if you wish to do most 
good to your land you must eat it off with fattening, not with growing 
sheep—and you must do so upon soils which are not very poor in 
vegetable matter. And that explains to me also, says the practical 
man, in reply, why I have always found sheep-folding to be most be- 
neficial on soils which are rich in vegetable matter* (p. 468.) 


§ 20. Of the improvement of the soil by irrigation. 


Irrigation, as it is practised in our climate, is only a more refined 
method of manuring the soil. In warm climates, where the parched 
plant would wither and die unless a constant supply of water were 
artificially afforded to it, irrigation may act beneficially by merely 
yielding this supply to the growing crops; but in our latitudes only 
a small part of its beneficial effects can be ascribed to this cause. It 
is to pasture and meadow land almost solely that irrigation is applied 
by British farmers, and the good effect it produces is to be explained 
by a reference to various and natural causes. 

1°. If the water be more or less muddy, bearing with it solid matter 
which deposites itself in still places, the good effects which follow its 

* Sprengel explains this fact by alleging that the humic acid of the vegetable matter re- 
tains more effectually the ammonia of the decomposing dung. There may be something 
in this, but more, in most cases, I think, in the fact that digestion separates much of the 


carbon in which the soils abound, but returns the nitrogen and saline matter almost en- 
tirely and in a more active state. 
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diffusion over the soil may be ascribed to the layer of visible manure 
which it leaves everywhere behind it. Thus the Nile and the Ganges 
fertilize the lands over which their annual floods extend, and partly 
in this way do some of our smaller streams improve the fields over 
which they either naturally flow or are artificially led. 

2°. Or if the water hold in solution, as the liquid manures of the 
farm-yard do, substances on which plants are known to feed, then to 
diffuse them over the surface is a simple act of liquid manuring, from 
which the usual benefits follow. Suchis the irrigation which is prac- 
tised in the neighborhood of our large towns, where the contents of 
the common sewers are discharged into the waters which subsequent- 
ly spread themselves over the fields. (For an interesting account of 
the effects of such irrigation in the neighborhood of Edinburgh, see 
Stephens, On Irrigation and Draining, p. 75.) In so far also as any 
streams can be supposed to hold in solution the washings of towns or 
of higher lands—and there are few which are not more or less im- 
pregnated in this manner—so far may their beneficial action, when 
employed for purposes of irrigation, be ascribed to the same cause. 

3°, But spring waters which have run only a short way from their 
source are occasionally found to be valuable irrigators. In such cases, 
also, the good effect may be due in whole or in part to substances held 
in solution by the water. Thus, in lime-stone districts, and especially 
those of the mountain lime-stone formation (Lec. XI., § 8,)—in which 
copious springs are not unfrequently met with—the water is generally 
impregnated with much carbonate of lime, which it slowly deposites as 
it flows away from its source. To irrigate with such water is, in a re- 
fined sense, to lime the land, and at the same time to place within the 
reach of the growing plants an abundant supply of this substance, in a 
form in which it can readily enter into their roots. (Someof the water 
used in the well-known scientific irrigations at Closeburn Hall, in 
Dumfries-shire, appears to have been impregnated with lime. See 
Stephens, p. 43.) 

In other districts, again, the springs contain gypsum and common 
salt, and sulphate of soda and sulphate of magnesia, and thus are ca- 
pable of imparting to plants many of those inorganic forms of matter, 
without which, as we have seen, they cannot exhibit a healthy growth. 

4°, Again, it is observed that the good effects of irrigation are pro- 
duced only by running water—coarse grasses and marsh plants spring- 
ing up when the water is allowed to stagnate (Low’s Elements of 
Agriculture, 3d edition, p. 472.) This is explained in part by the 
fact that.a given quantity of water will soon be deprived of that por- 
tion of matter held in solution, of which the plants can readily avail 
themselves, and that when this is the case it can no longer contribute 
to their growth in an equal degree. ; 

But there is another virtue in running water, which makes it more 
wholesome in the living plant. It comes upon the field charged with 
gaseous matter, with oxygen and nitrogen and carbonic acid, in propor- 
tions very different from those in which these gases are mixed together 
in the air (Lec. IT., § 6.) To the root, and to the leaf also, it carries 
these gaseous substances. The oxygen is worked up in aiding the 
decomposition of decaying vegetable matter. The carbonic acid is 
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absorbed by and feeds the plant. Let the same water remain on the 
same spot, and its supply of these gaseous substances is soon ex- 
hausted. In its state of rest it re-absorbs new portions from the air 
with comparative slowness. But let it flow along the surface of the 
field, exposing every moment new particles to the moving air, and it 
takes in the carbonic acid especially with much rapidity—and as it 
takes it from the air, almost as readily again gives it up to the leaf or 
root with which it first comes incontact. This is no doubt one of the 
more important of the several purposes which we can understand 
running water to serve when used for irrigation. 

But further, if water be allowed to stagnate over the finer grasses, 
they soon find themselves in circumstances in which it is not consist- 
ent with their nature to exhibit a healthy growth. They droop, 
therefore, and die, and are succeeded by new races, to which the wet 
land is more congenial. 

5°. Itis known also, that even running water, if kept flowing with- 
out intermission for too long a period, will injure the pasture. This 
is because a long immersion in water induces a decay of vegetable 
matter in the soil which is unfavorable to the growth of the grasses— 
producing chemical compounds which are not naturally formed in 
those situations in which the grasses delight to grow, and which are 
unwholesome to them. Although, therefore, the water continues to 
support those various kinds of food by which the grasses are benefit- 
ted, yet it becomes necessary to withdraw it for a time, in order that 
other injurious consequences may be avoided. ; 

6°. Lastly.—Irrigation is most beneficial where the land is well 
drained beneath—where the water, after the irrigation is stopped, can 
sink and find a ready outlet. The same benefits indeed flow from the 
draining of irrigated as from that of arable lands. The soil and sub- 
soil are at once washed free of any noxious substances they may 
naturally contain, or may have derived from the crops they have 
grown, and are manured and opened by the water which passes 
through them. As the water descends also, the air follows it, to 
change and mellow the under-soil itself. 

Such are the main principles upon which the beneficial action of 
irrigation depends, and they appear to me satisfactorily to account 
for all the facts upon the subject with which I am acquainted. I 
pass over the alleged beneficial action of water in keeping the tem- 
perature of irrigated fields from sinking too low. As irrigation is 
practised in our islands, little of the good done to watered meadows 
ean be properly attributed to this cause. 


| have now drawn your attention to the most important and readily 
available means, mechanical and chemical, for improving the soil. 
Let us next study the products of the soil—their composition, their 
differences, and the purposes they are intended to serve in the feed- 
ing and nourishment of animals. 
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LECTURE XIX. 


Of the pperince of the soil.—Average produce of England and Scotland.—Circumstances by 
which the produce of the land is atfected.—Infiuence of climate, of season, of soil, of the 
kind and variety ofcrop, of the method of culture, and of the course of cropping. —Theory 
of the rotation of crops.—Why lands become tired of clover (clover-sick) and other special 
crops.—Theory of fallows.—Composition of wheat, oats, barley, rye, and Indian corn.—In- 
fluence of climate, soil, manure, variety ofseed, mode of culture, and time of cutting, upon 
the composition ofthese grains.—Effect of baking upon bread.—Supposed reJation between 
the weight of bread and the proportion of gluten.—Effect of germination (malting) upon 
barley.—Composition of peas, beans, and vetches.—Effects of svil, &c., upon the boiling 
quality of peas —Composition of the turnip, the carrot, the beet, and the potetoe.—Effect 
of soil, age, size, rapidity of growth, &c., upon their composilion.—Relative proportions of 

itive m itter produced by different crops on the same extent of ground.—Composition 
ofthe grasses and clovers.—Effect of soils, manures, time of cutting, mode of drying, &c., 
bpon their composition and nutritive value. 


Havine now considered the most important of those means by which 
the soil may be improved, it will be proper to direct our attention to that 
which the land produces—to the chemical nature of the crops you raise, 
to the differences which exist among them, and to the purposes they are 
fitted to serve in the feeding of man and other animals. 

Agricultural products are of three distinct kinds : 

1°. Such as are directly reaped from the soil in the form of corn, pota- 
toes, hay, &c. 

2°. Such as are the result of a kind of natural process of manufacture, 
by which the direct produce of the soil is more economically converted 
into the beef and mutton of the feeder of stock. 

3°. Such as are the results of a further conversion at the hands of tne 
dairy farmer, and are sent to market in the form of butter and cheese. 

Thus three distinct topics of consideration present themselves in con- 
nection with the produce of the soil,—the nature of the immediate pro- 
ducts themselves—the economy of the feeding of stock—and the prepara- 
tion of butter and cheese. We shall study these several topics in their 
natural order. 


§1. Of the maximum or greatest possible, and the average or actual, 
produce of the land. 


There is a wide difference in most countries between the actnal 
amount of food produced by the land, and that which, in the most fa- 
vourable circumstances, it would delight to yield. 

An imperial acre of land in our island has been known to yield of 
wheat 70 bushels,* barley 80 bushels, oats 100 bushels, potatoes 30 
tons,+ and turnips 60 tons.} 

The average produce of the land, however, is far below these quanti- 
cies. It is not easy to arrive at a tolerable approximation even to the 


* In the county of Middlesex the produce of wheat varies from 12 to 68 bushels—of bar- 
ley from 15 to 75—and of oats from 32 to 96 bushels.—Middleton’s View of the Agricul- 
ture of Middleser, 1798, pp. 176, 183, and 188. 

+ See Mr. Fleming’s experiments upon potatoes in the Appendix. 


t Perhaps this is not the mazimum.—In the Second Report of the Royal Agriculiural Im. 
provement Society of Ireland, p. 57, a crop of turnips is mentioned, which weighed 56 tons— 
tops and bulbs amounting together to 76 tons. 
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true average produce of the island. Mr. Macculloch estimates that of 
wheat at 26 bushels an acre, barley at 32, and oats at 36. 

Sir Charles Lemon gives for the average produce of all England, and 
for the highest and lowest county averages, the following numbers— 


Average for Highest Lowest 

all England county average county average 

in bushels. in bushels. ; in bushels. 
Wheat - - - 21 26 Nottinghamshire. 16 Dorset. 
Barley - - - 322 40 Huntingdon. 24 Devon. 
Oats - - - - 365} 48 Lincolnshire. 20 Gloucester. 
Potatoes- - - 241 360 Cheshire. 100 Durham. 


While in Scotland, according to Mr. Dudgeon, the average produce 
of corn is— 


Good land. Lighter land. 
Wheat - - - - 30 to 32 bushels. 22 to 26 bushels. 
Barley - - - - 40 to 44 do. 34 to 38 do. 
Oats - - - - - 46 to 50. do. 36i1ton43 oda: 


If these numbers of Sir Charles Lemon and of Mr. Dudgeon are to be 
depended upon, the averages for the whole island cannot be far from 
wheat 24 bushels, barley 34 bushels, oats 37 bushels, potatoes 6 tons, 
and turnips 10 tons. 

Though even these, especially in regard to the root crops, must he 
considered as in a considerable degree hy pothetical.* 

What is the cause of the striking differences above exhibited between 
the maximum produce of certain parts of the island and the average pro- 
duce of the whole? Are such differences necessary and unavoidable? 
Can the less productive lands not be made to yield a larger return? 
Can the large crops of the richer districts not be further increased, and 
their amount kept up for an indefinite succession of seasons ? 

These interesting questions lie at the foundation of all agricultural im- 
provement—and skill and science answer that, though differences to 
a certain amount are unavoidable, yet that means are already known 
by which the fertility of the richer lands may be maintained, and the 
crops of the less productive indefinitely enlarged. 


§ 2. Of the circumstances by which the produce of food is affected— 
climate, season, soil, &c. 

The quantity of food produced by a given extent of land is affected by 
the climate, by the season, by the soil, by the nature of the crop, by the 
variety sown or planted, by the general method of culture, and by the ro- 
tation or course of cropping that is adopted. 

1°. Climate.—TVhat the warmth of the climate, the length of the sum- 
mer, and the quantity of rain that falls, influence in a remarkable degree 
the amount of food which a district of country is fitted to raise, is fa- 
miliar to every one. The warmth of the equatorial regions maintains a 
perpetual verdure, while the short northern summers afford only a few 
months of pasture to the stunted cattle. ‘The difference of latitude be- 
tween the extreme ends of our island produces a similar difference, though 
in a less degree. The almost perennial verdure of the southern counties 

* In 1821, Mr. Wakefield estimated the average produce of wheat in all England at 17 


bushels only—Devonshire producing an average of 20, and the lands near the coast of Kent, 
Norfolk, Suffolk, and Essex, 40 bushels peracre. 
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cannot be hoped for in the north of Scotland, and yet it is said that in 
parts of Ross-shire the corn and turnip crops are equal to those of the 
most favoured districts of Britain. Is this to be regarded solely as the 
triumph of skill and industry over the difficulties presented by nature ? 

2°. Season.—The influence of the seasons, wet ordry, warm or cold, 
has been observed by the farmer in all ages, and it cannot be entirely 
overcome. The heavy crop of this year may not be reaped again on 
the next, because an unusual cold may arrest its growth. And 
yet good husbandry will do much even here—since the higher the farm- 
ing the fewer the number of failures which the intelligent man will 
have occasion to lament. 

3°. Soil.—Diversity of soil is held to be a sufficient reason for differ- 
ence both in kind and in weight of crop. A poor sand is not expected to 
give the same return asarich clay. Yet in regard to the capabilities of 
soils under skilful management, practical agriculture appears as yet to 
have much to learn. Is there any method hitherto little tried by which 
soils of known poverty may be compendiously and cheaply doctored, so 
as to produce a greatly larger return? Science seems to say that there is, 
and points to a wide field of experimental research, by the diligent cul- 
ture of which we may hope that this great result will hereafter be at- 
tained. The principles upon which this hope rests have been explained, 
for the most part, in the preceding Lectures. 

4°. Kind of crop.—The amount of food, either for man or beast, 
which a given field will produce, depends considerably upon the kind 
of crop which is raised. Thus acrop of 30 bushels of wheat will yield 
only about 1400 lbs. of fine flour, while a crop of 6 tons of potatoes will 
give about 4400 lbs. of an agreeable, dry, and mealy food. Thus the 
gross weight of food for man is in the one case three times what it is in 
the other. So it is said, on the authority of the Board of Agriculture, 
that a crop of clover, of tares, of rape, of potatoes, turnips, or cabbages, 
will furnish at least thrice as much food for cattle as one of pasture grass 
of medium quality.* 

5°. Variety of seed sown.—The variety of seed sown has also an im- 
portant influence on the amount of produce reaped. I need not refer to 
the well known necessity of changing the seed if the same land is to 
continue to yield good crops—but of strange seeds of the same species 
two varieties will often yield very unlike weights of corn, of turnips, or 
of potatoes. I may quote as an illustration the experiments of Colonel 
Le Couteur upon wheat. He found, on the same soil and under the 
same treatment, that the varieties known by the name of the White 
Downy and the Jersey Dantzic yielded respectively : 

Grain. Weight prbush. Straw. Fine flour. Fine do. pr.ct. 

White Downy - 48bush. 62]bs. 4557 lbs. 2402\bs. 802 Ibs. 
Jersey Dantzic - 43} bush. 63]bs. 4681 lbs. 2161]bs. 793 lbs. 


while on a different soil and treated differently from the above, two other 


varieties yielded— 
Grain. Weightprbush. Straw. Fine flour. Fine do. pr.ct. 
Whittington, - - -)33bush. 61lbs. 7786]bs. 1454 lbs. 721 Ibs. 


BelleVue Talavera, - 52bush. 61 lbs. 5480 lbs. 2485 Ibs.+ 781 lbs. 


* Loudon’s Encyclopedia of Agriculture, p. 910. 
t Journal of the Royal Agricultural Society of England, L, p. 123. 
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In each of these cases, therefore, and especially in the last, a striking 
difference presented itself both in the absolute and in the relative weights 
of grain and of straw reaped under precisely similar circumstances, by 
the use of different varieties of the same species of seed. Nor are the 
above by any means extreme cases. Inthe same field T have known 
the Golden Kent andthe Flanders Red varieties, sown in the same 
spring, to thrive so differently, that, while the former was an excellent 
crop, the latter was almost a total failure. It will require a very refined 
chemistry to explain the cause of such diversities as these. 


§ 3. Influence of the method of culture upon the produce of food. 


In addition to the circumstances above alluded to, the quantity of food 
that is raised depends very much upon the method of culture which is 
adopted. Thus, in Jand of medium quality, our opinion in regard to the 
quantity of food it is likely to yield would be greatly affected hy the 
answers we should obtain to the following questions ;— 

1°. Is the land in permanent pasiure, or is it under the plough ?— 
With the exception of rich pasture, itis said that land, under clover or 
turnips, will produce three times as much {or cattle as when under grass. 
If such a green crop then alternate with one of corn, the land would 
every two years produce as much food for stock as it would during three 
years if lying in grass, besides the crop of corn as food for man, and 
of straw for the production of manure. 

This statement may possibly bea little exaggerated, or may represent tru- 
ly the comparative produce of food in special cases only—yet there seems 
sufficient reason for believing, as a general rule, that a very much larger 
amount of food may be reaped from land under arable culture, than 
when Jaid away to permanent pasture. 

2°. What kind and quality of manure is applied ?—Every practical 
man knows the importance of manuring his land, and how much the 
abundance of every crop he sows depends both upon the quantity and upon 
the kind of manure he is able to add to it. 

3°. In what way is it applied ?—But much depends also upon the 
manner in which the manure is expended, or the kind of crop to which 
it is applied. 

I have already (p. 477) directed your attention to the loss which must 
necessarily be sustained by top-dressing with farm-yard manure, and yet 
how in certain modes of cropping and manuring the land, it may be 
not only advisable but necessary to do so. Yet the comparative return 
of food obtained from the use of such manure, when applied as a top- 
dressing to grass land for instance, and when buried with the turnip crop 
in the usual manner, is very unlike. 

Thus, suppose an acre of grass land, of such a quality as to produce 
annually without manure 1} tons of hay, to be top-dressed every spring 
or autumn with 5 tons of farm-yard manure per acre—and suppose 
another acre of the same land in arable culture to be manured for turnips 
with 20 tons of farm-yard manure at once. Then the grass land, by 
the aid of the manure, would not produce more than double its natural 
crop, or 21 tons an acre, that is, 10 tons of hay in the four years. This, [ 
believe, is making a Jarge allowance for the eflect of the manure. 

But the arable land, in the four years, if of the same quality, may be 
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“expected to produce—turnips 20 tons, barley 36 bushels, clover 2 tons, 
wheat 28 bushels; besides upwards of 4 tons of straw. 

In all these taken together there must be much more food than in the 
ten tons of hay. 

If we consider the money profit, however, to the farmer, the result 
may be different. The cost of raising the ten tons of hay, exclusive of 
rent, may be reckoned at one-half the produce, and of the several crops 
in the four years’ rotation at three-quarters of the produce: we thus 
have for the clear return—- 

In the one case, half the produce—5 tons of hay ; 

In the other case, a fourth of the produce—5 tons of turnips, 9 bushels 
of barley, 4 ton of clover, 7 bushels of wheat, and 1 ton of straw. 

Let the clover and the straw together equal in value only one ton of 
the hay, and the money value in the two cases will stand as follows ;— 

Hay, 4 tons, at £5, = scour 0 @ 


Turnips, 5 tons, at10s. = £2 10 0 
Barley, 9 bush., at 4s. = 1 16 0 
Wheat. 7 bush., at. 7s. =- 2. 9. 0 


Golo) 0 


Leaving a gain upon the grass land of £13 5 0 
Or, £3. 6s. an acre every year. 

Thus, though more food is raised by converting the land to arable 
purposes, and more people may be sustained by it, yet more money 
may be made by meadowing the land—where a ready market exists 
Sor the hay, where tt is allowed to be sold off the farm, and where abun- 
dance of manure can be obtained for the purpose of top-dressing the grass 
every year. Itis only in the neighbourhood of large towns, however, 
that all these circumstances usually co-exist, and hence one cause of the 
value of grass land in such localities. 

The farmer, however, is never prohibited from selling his corn off the 
farm, or his fat stock, or his dairy produce, and thus at a distance from 
large towns he must turn his attention solely to the raising of one or other 
of these kinds of produce. 

Of the two ways of employing his grass or green crops—in rearing 
and fattening cattle, namely, and in the production of butter and cheese 
—we shall hereafter see reason to believe that theoretically the latter 
ought both to be the most profitable in money to the farmer, and at the 
same time to produce the greatest amount of food for man. 

3°. What rotation or course of cropping is adopted ?—If the land be 
cropped with corn, year after year, the produce of food will not only be 
less than ifan alternate husbandry were introduced—but the yearly return 
of corn, even on the richest land, must sooner or later diminish, till at 
length the crop will not be sufficient to defray the expense of cultivation. 
The tillage of such land must then be abandoned, and it must be lefi to 
a slow process of natural restoration. No arable land will produce so 
much food if year by year it be made to raise the same crop, as if the 
crop be varied—and especially as if corn, root, and leguminous crops be 
made to succeed each other in a skilful alternation. 

Upon the introduction of the alternate husbandry, it was found that 
upon lands formerly in pasture, not only could one-third more stock be 
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kept continuously than before, but that in addition a crop of corncould be 
reaped every second year. On the other hand, those which had been 
cropped withcorn alone, or which after two white crops had usually been 
left to naked fallow, yielded more corn in a given number of years than 
before, while a green crop every second year was raised on them besides. 
It cannot be doubted, therefore, that a change of cropping influences, in 
a great degree, the amount of food which the same piece of land is fitted 
to produce. 


§ 4. Of the theory of the rotation of crops. 


Upon what principles do the beneficial effects of this change of crop- 
ping depend? ‘What is the true theory of a rotation of crops ? 

It was supposed by Decandolle— 

1°. That the roots of all plants gave out or excreted certain substan- 
ces peculiar to themselves—and, 

2°. That these substances were unfavourable to the growth of those 
plants from the roots of which they came, but were capable of promo- 
ting the growth of plants of other species—that the excretions of one 
species were poisonous to itself, but nutritive to other species. 

Upon these suppositions he explained in a beautiful and apparently 
simple and convincing manner the beneficial effects of a rotation or al- 
ternation of different crops. Ifwheat refused to grow after wheat, it was 
because the first crop had poisoned the land_to plants of its own kind. 
Tf after an intervening naked fallow a second wheat crop could be safely 
grown, it was because during the year of rest the poisonous matter had 
tume to decompose and become again fitted to feed the new crop. And 
if, after beans or turnips, wheat grew well, it was because the excretions of 
these plants were agreeable to the young wheat, and fitted to promote 
its growth. 

Thus easily explained were the benefits both of a rotation of crops 
and of naked and other fallows—and supported at once by its own beaut 
and by the great name of Decandolle, this explanation obtained for 
many years an almost universal reception. 

But though there seems reason enough for believing (p. 82) that the 
roots of plants really do give out certain | substances into the soil—there is 
no evidence that these excretions take place to the extent which the 
theory of Decandolle would imply—none of a satisfactory kind that 
they are noxious to the plants from which they are excreted*—and none 
that they are especially nutritive to plants of other species. Being un- 
supported by decisive facts and observations therefore, the hypothesis of 

'Decandolle must, for the present, be in a great measure laid aside, and we 
must look to some other quarter fer a more satisfactory theory of rotation. 

The true general reason why a second or third crop of the same kind 
will not grow well, is—not that the soil contains too much of any, but that 
it contains doo little of one or more kinds of matter. If, after manuring, 
turnips grow luxuriantly, it is because the soil has been enriched with 
all that the crop requires. If a healthy barley crop follow the turnips, 
it is because the soil still contains all the food of this new plant. If 
clover thrive after this, it is because it naturally requires certain other 
kinds of nourishment which neither of the former crops has exhausted. 
Tf, again, luxuriant wheat succeeds, it is because the soil abounds still in 


* See page 81, note. 
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all that the wheat crop needs—the failing vegetable and other matters of 
the surface being increased and renewed by the enriching roots of the 
preceding clover. And if now, turnips refuse again to give a fair re- 
turn, it is because you have not added to the soil a fresh supply of that 
manure without which they cannot thrive. Add the manure, and the 
same rotation of crops may again ensue. 

We have already had frequent occasion, in studying the inorganic 
constituents of plants, to observe that different species require very un- 
like proportions of the several kinds of inorganic food which they derive 
from the soil. Some require a large proportion of one kind, some of 
another kind. Ifa soil, therefore, abound especially in one of these va- 
rieties of inorganic food, one kind of plant will especially flourish upon 
it—while, if it be greatly deficient in another. substance, a second plant 
will remarkably languish upon it. Ifit abound in both substances, then 
either crop will succeed which we may choose to sow, or they may be 
alternately cultivated with a fair return from each. 

Upon this principle the true general explanation of the benefit of a 
rotation of crops appears to depend. There may be special cases in 
which peculiar qualities of soil or climate may intervene and give rise 
to appearances, or cause results to which this principle does not apply, 
but for the general practice it seems to afford a satisfactory explanation. 

It may be said that this explanation seems to imply that the same 
kind of crop may be reaped from the same soil for an indefinite number of 
years, by simply adding to it what the crop carries off. This is certain- 
ly implied in the principle—and if we knew exactly what toadd for each 
crop, we might possibly attain this result, except in cases where the soil 
undergoes some gradual chemical alteration within itself, which it may 
require a change of treatment to counteract. At all events it does not 
seem impossible to obtain crop after crop of the same kind—and we may 
hope hereafter not only to be able to effect this, but to do it in a suffi- 
ciently economical manner. 

Two practical rules are suggested by the fact that different plants require 
different substances to abound in a soil in which they shall be capable of 
flourishing. 

1°. To grow alternately as many different classes or families of plants 
as possible—repeating each class at the greatest convenient distance of time. 

In this country we grow chiefly root crops,—corn plants ripened for 
seed,—leguminous plants sometinies for seed (peas and beans), and 
sometimes for hay or fodder (clover and tares),—and grasses, and these 
in alternate years. Every four, five, or six years, therefore, the culture 
of the same class of plants comes round again, and a demand is made 
upon the soil for the same kinds of food in the same proportion. 

In other countries—tobacco—flax—rape, poppy or madia, cultivated for 
their oily seeds—or beet for its sugar, can be cultivated with profit, and 
being interposed among the other crops, they make the return of each 
class of plants more distant. A perfect rotation would include all those 
classes of plants which the soil, climate, and other circumstances allow 
to be cnitivated with a profit. : 

2°. A second rule is to repeat the same species of plant at the greatest 
convenient distance of time. In corn crops there is not much choice, 
since in a four years’ course two corn crops, out of the three (barley. 
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wheat, oats) usually grown, must be raised. But of the leguminous 
crops we have the choice of beans, peas, vetches, and clover—of root 
crops, turnips, carrots, beets, and potatoes—while of grasses, there is a 
great variety. Instead, therefore, of a constant repetition of the turnip 
every four years, theory says—make the carrot or the potatoe take its 
place now and then, and instead of perpetual clover, let tares or beans, 
or peas, occasionally succeed to your crops of corn. The land loves a 
change of crop, because it is better prepared with that food which the 
new crop will relish, than with such as the plant it has long fed before 
continues to require. 

It is for this reason that new species of crop, or new varieties, when 
first introduced, succeed remarkably for atime, and give great and en- 
couraging returns. But they are continued too long—till the soil has 
been exhausted in some degree of those substances in which the new 
crops delighted. They cease in consequence to yield as before, and fall 
into undeserved disrepute. Give them a proper place in a long rotation, 
and they will not disappoint you. 

It is constant variety of crops, which, with rich manuring, makes our 
market gardens so productive—and it is the possibility of growing in the 
fields many different crops in succession, that gives the fertility of a gar- 
den to parts of Italy, Flanders, and China.* 


§ 5. Why land becomes tired of clover (clover-sick). 


What I have said of the general principle might be supposed to 
explain fully why crops fail at one tinie and succeed at another—why 
the soil will nourish one plant well, while it is unable adequately to sus- 
tain another. Buta brief reference to the case of the clover plant will 
enable us to see how modes of culture, apparently skilful and generous, 
may yet be of such a kind as to lead, sooner or later, to the inevitable 
failure of a particular crop. 

It is known that upon many well cultivated farms the lands beconte © 
now and then tired or sick of clover, and this crop failing, the wheat 
which succeeds it in a great measure fails also. It may be said that the 
soil in such a case is in want of something, and so it is,x—but how does 
this deficiency of supply arise? The land is skilfully managed and 
has been well manured, and the failure of the clover crop is, therefore, a 
matter of surprise. 

If farm-yard manure be copiously applied previous to the root crop, 
the land has received a certain more or less abundant return of all those 
substances which the last rotation of crops had carried off from it,—and 
which the new rotation will require for food. When the clover comes 
round, therefore, a supply of proper food is ready for it, as well as for 
the wheat which is to follow. 

But if the turnip crop be raised by means of bones only, the Jime 


” A method of superseding in some measure the necessity of a rotation of crops is de- 
scribed by Mr. James Wilson as long practised in Shetland, in the neighbourhood of Ler- 
wick. ‘Jt is known that bear has been grown in the same patch for perhaps 100 years suc- 
cessively, and this they managed by scarifying other parts of the ground (the out-field por- 
tion), and renovating the arable patch by spreading it over the surface.” This was varying 
the soil instead of the crop. A five years’ rotation, however, is now getting into favour, and 
the average produce, after liming, is found to be increased by it four-fold. In this district 
much herring refuse is employed as a manure, and the improved land lets at 20s. an acre. 
—Wilson’s Voyage round the Coast of Scotland, Il., p. 268. 4 
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and phosphoric acid which the earth of bones contains are almost the only 
kinds of inorganic food required by plants that are returned to the soil. 
By the aid of the animal matter and the small supply of other substances 
in the bones,* good crops—and especially the turnips and the corn which 
immediately follows them—may be raised for a few rotations, but at 
every return the clover and wheat will become more unhealthy, till they 
at length appear to sicken upon the land. Neither bones nor rape-dust 
nor any such single substance can replace farm-yard manure for an in- 
definite period, because it does not contain all the substances which the 
entire rotation of crops requires. 

If wood-ashes be used along with the bones, the bad effects I have des- 
cribed will be much longer delayed—they may even be delayed indefi- 
nitely, since wood-ashes are said to be especially favourable to the growth 
of clover and other leguminous plants, (p. 353), and this because they 
contain those substances which the clovers require. 

It thus appears, therefore, that while the failure, upon a given spot, of 
a crop which formerly grew well there, is explained generally upon the 
principle that the soil has become deficient in something which the crop 
requires—the cause of this deficiency may not unfrequently be found in 
the mode of culture, or in the species of manuring which the land has 
received. The cause being discovered, the remedy is easy. Cease to 
employ exclusively the manure with which your land has hitherto been 
dressed. Mix your bones or rape-dust with wood-ashes, with gypsum, 
or with other portable manures in which the necessary food of your 
crops is present—or employ farm-yard manure now and: then in their 
stead, and you will apply the most likely remedy. Unless this be done, 
it will be of comparatively little service to vary the species,—to substi- 

_ tute tares or beans for the clover,—since these also will refuse to grow 
while the same incorrect system of manuring is persisted in. 

I have already drawn your attention (p. 477) to the falling of the 
clover crops in certain parts of Staffordshire, where the turnips are 
raised by means of rape-dust—and of the mode of improving them by a 
top-dressing of farm-yard manure. Were this manure laid in with the 
turnips, the after top-dressing would most probably not be required. 


§6. Of the theory of fallows. 


By fallowing, it has been known in all ages that the produce of the 
land was capable of being increased. How is this increase to be ac- 
counted for? We speak of leaving the land to rest, but it can never 
really become wearied of bearing crops. It cannot, through fatigue, lie 
in need of repose. In what, then, does the efficacy of naked fallowing 
consist ? 

1°. In strong clay lands one great benetit derived from a naked fallow 
is the opportunity it affords for keeping the land clean. In such soils it 
is believed by many that weeds cannot possibly be extirpated without an 
occasional fallow. It is certain that naked fallows are had recourse to 
in many places for the purpose of cleaning the land, where if it could 
easily have been kept so by other means they would not have been 
adopted. Is it not the case on some farms that a neglect of other ayail- 
able methods of extirpating weeds has rendered necessary the assistance 


* For the composition of bones, see page 446. 
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of a naked fallow, while on similar farms in the same neighbourhood 
they can easily be dispensed with ? 

2°. In a naked fallow, where the seeds are allowed to sprout, and 
young plants to shoot up, which are afterwards ploughed in, the land is 
enriched by a green manuring of greater orlessextent. If weeds abound, 
the enriching is the greater—if they are more scanty, it is less—but in 
almost every instance where land lies without an artificial crop during 
the whole summer, a crop of natural herbage springs up, the burying of 
which in the soil must be productive of considerable good. . 

3°. When land is assiduously cropped, the surface in which the roots 
chiefly extend themselves hecomes especially exhausted. In indiffer- 
ently worked land some parts of this surface may be more exhausted than 
others. By leaving such soils to themselves, the rains that fall and more 
or less circulate through them equalize the condition of the whole sur- 
face soil—in so far as the soluble substances it contains are concerned. 
The water also, which in dry weather ascends from beneath, brings 
with it saline and other soluble compounds, and imparts them to the up- 
per layers of the soil. Thus, by lying fallow, the land, becomes equa- 
bly furnished over its whole surface with all those substances required by 
plants which are anywhere to be found init. The roots of the crop, 
therefore, can more readily procure them, and thus the plants more 
readily and more quickly grow. In some cases, this beneficial action of 
the naked fallow will, to a certain extent, make up for shallow ploughing, 
and for insufficient working of the land. 

4°. It is known that the subsoil in many places is of such a_ nature 
that it must be turned up to the surface, and exposed for a considerable 
period to the action of the air, before it can be safely mixed with the sur- 
face soil. ‘To a less degree stiff clay lands acquire this noxious quality 
during the ordinary course of cropping. Air and water do not find their 
way through them in sufficient quantity to retain them in a healthy 
condition, and thus they require an occasional fallow with repeated 
ploughings, that the air and the rains may have access to their inner- 
most parts. J do not detail the specific chemical changes which are in- 
duced by this exposure to the air and rain; it is sufficient that they are 
of a kind to render the soil more propitious to the growth of crops, to 
satisfy us that, upon very stiff lands, one of the benefits of fallowing is to 
be thus accounted for. 

We have seen that one of the important benefits of draining is the 
permeability it imparts to the soil. The surface water is permitted to 
escape downwards, and as it sinks to the drain the air follows it, so that 
the very deepest part of the soil from which the water runs off, is ren- 
dered wholesome by the frequent admission of new supplies of atmos- 
pheric air. 

It thus appears that in a certain sense draining and fallowing may 
take the place of each other—that where there is no. drainage, fallowing, 
is more necessary and will partially supply its place, and that where a 
good drainage exists, the use of naked fallows even upon stiffclay lands 
becomes less necessary. 

5°. I have already had occasion to speak of the existence of organic 
(animal and vegetable) matter in the soil, in a so-called inert state—a 
state in which it undergoes decay very slowly, and thus only in a small 
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degree discharges those functions for which vegetable matter in the soil is 
specially destined. In stiff clays also, the roots of plants, without actu- 
ally attaining this inert state, yet decay with extreme slowness in conse- 
quence of their being so completely sealed up from the access of the air. 
In both cases the frequent and prolonged exposure which a naked fallow 
occasions, induces a more rapid decay of this vegetable matter, or brings 
it into a state in which its elements more readily assume those new 
forms of combination which are capable of ministering to the sustenance 
and growth of plants. 

Among the other compounds which are produced (p. 161) during this 
prolonged exposure and more rapid decay of the organic matter of the 
soil, nitric acid is one which appears to exercise a considerable in- 
fluence upon the future fertility of the land. The favourable action of 
the nitrates in promoting vegetable growth is now well known, and 
the more rapid formation of these compounds, when the land lies na- 
ked to the action of the sun and air, must not be neglected among the 
fertilizing influences of the summer fallow. 

6°. The soil, besides the clay, (quartz) sand and lime of which it 
chiefly consists, contains also fragments of mineral substances of a com- 
pound nature—of felspar, of mica, of hornblende—of those minerals 
which constitute or which occur in the granitic and trap rocks. These 
slowly decompose in the soil—more rapidly also the more freely they 
are exposed to the air—and the substances (potash, soda, lime, magne- 
sia, silica, &c.*) which they contain, are by this decomposition diffused 
more equably and brought within the more easy reach of the roots of 
plants. When these minerals, therefore, exist in the soil, and when 
their constituents are of such a kind as to favour the growth of any given 
plant, the effect of a naked fallow being to produce an accumulation .of 
their constituent substances in the soil, it will be so far favourable in pre- 
paring the land for an after-crop of that particular species of plant. 
You are not to be misled, however, by any broad and unguarded state- 
ments of scientific men, so as to imagine for a moment that the benefi- 
cial effects of fallowing in any case are to be solely ascribed to the oper- 
ation of this one cause.+ 

7°. The rains bring down upon every soil periodical supplies of al 
those saline substances—common salt, gypsum, salts of lime, of mag- 
nesia, and of potash in minute quantity—which exist in the sea, and of 
nitrate of ammonia, produced or present in the air. If any soil be defi- 
cient in these, then a year’s rest from cropping, by allowing them to ac- 
cumulate, may cause the succeeding herbage to exhibit a more luxuriant 
growth. 

8°. The same remark applies to soils into which springs from beneath 
bring up variable quantities of lime and other substances which the wa- 
ters, hold in solution. Such springs are, no doubt, of much benefit in 
some districts, and when the supply they convey is scanty, a year’s 
accumulation may impart additional fertility to the fallowed land. 

9°. Besides that beneficial action of the air to which I have already 
adverted (4° and 5°), and which is to be ascribed mainly to the influ- 


* For the constitution of these mineral substances, see pp. 257 to 260. 
+ Fallow is the term applied to land left at rest for further disintegration.—Liebig’s Organic 
Chemistry applied to Agriculture, p. 149. 
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ence of the oxygen it contains—the exposure of the naked soil to the at- 
mosphere for a length of time is said by some to be productive of another 
good effect. The atmosphere contains a small and variable portion of 
ammonia (p. 156). Of this ammonia, a portion is brought down by the 
rains and a portion is probably absorbed by the leaves of plants as they 
spread themselves through the air. But the clay, the oxide of iron, and 
the organic matter of the soil are supposed also to have the power of 
extracting this ammonia from the atmosphere and retaining it in their 
pores. If so, the more the soil is exposed, and for the longer period 
to the air, the more of this substance will it extract and absorb. If 
turned over by frequent ploughing, it will be able to drink it in more 
abundantly, from the greater surface it can present to the passing winds ; 
and if, besides, it be kept naked for an entire year, a still larger accumu- 
lation must take place. And as this ammonia is known in many cases 
to be favourable in a high degree to the growth of plants, it is not un- 
reasonable to believe that 7f thus absorbed in quantity from the avr, it should 
be one source at least of the augmented fertility of {allowed land. 

To one or other—or to all of these causes combined—the acknowledged 
benefit of naked fallows is in a great degree to be ascribed. 

Of green or fallow crops little need be said in addition to what I have 
already laid before you in reference to the rotation of crops. The green 
crop demands a comparatively small supply only of those inorganic sub- 
stances which the corn crops specially require. During its growth, 
therefore, these latter accumulate in the same way, though in a some- 
what less degree than during a naked fallow. But the additional vege- 
table matter and manure which the green crops introduce into the soil, 
and the large supplies of inorganic matter which such of them as are 
deep-rooted bring up from beneath, amply compensate for any diminu- 
tion they may cause in the benefits which are usually derived from the 
naked fallow. 


§7. Of wheat and wheaten flour. 


The grain of wheat in the hands of the miller is readily separated into 
two portions—the husk, which forms the bran, and the greater portion 
of the pollard—and the kernel, which, when ground, forms the wheaten 
flour. The relative weights of these two parts vary very much. Some 
varieties of grain are much smoother, more transparent, and thinner 
skinned than others, and yield in consequence a larger return of the 
finest flour. In good wheat the husk amounts to 14 or 16 percent. of 
the whole weight*—though the quantity separated by the miller is 
sometimes not more than 4th (or 11 per cent.) of the weight of the 
wheat. In making the fine white flour of the metropolis and other 
large towns, about 4th of the whole is separated in the form of pollard 
and bran. The proportion of the husk that can be sifted out at the mill 

* Boussingault found as much as 38}¢ per cent. of husk on a winter wheat grown in the 


botanic garden of Paris. Three lots of good English wheat, ground at Mr. Robson’s mill in 
Durham, gave per cent. respectively— 


Latneh 101) Saas ecrigo cap mooie 74:2 751 779 
BOXIQgS!s 2 2.5 cj eeieia se clesviees 90 8:3 61 
SACHS eve chai xn eininleisienimialasl tag 66 56 
Branigan cass. chvdensie Siviceumestett 70 69 
Waste). icscaces st see esse eee 32 30 35 
100 100 100 
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depends considerably upon the hardness of the grain. From such as is 
soft it peels off in flakes under the stones, whereas, when the grain and 
husk are flinty, much of the latter is crushed and ground—adding to the 
weight of the flour, but giving ita darker colour, and loweringits quality. 

The country millers generally separate their wheaten flour by sifting 
into four parts only—fine flour, boxings, sharps or pollard, and bran. 
In London and Paris no less than six or seven qualities are manufac- 
tured and sold by the millers.* The value of the wheat to the miller 
depends very much upon the quantity of fine flour it will yield, though 
he cannot always judge accurately of this point by simple inspection. 

The experimental wheats of Mr. Burnet, of Gadgirth,} raised all from 
the same seed differently manured, gave respectively 543, 63', 652, 
664, 683, and 764 lbs. of fine flour from 100 of wheat, so that the kind 
of manure applied to the land appears materially to affect the relative 
proportions of flour and bran. 

Again, Colonel le Couteur’s samples of wheat (p.489) of different va- 
rieties, grown under the same circumstances, gave from one field 802 
and 793 Ibs., and from another 724 and 78} lbs. from 100 of wheat—so 
that upon the variely of seed sown also, though in a less degree, the quan- 
tity of fine flour is dependent. 


§8. Of the composition of wheaten flour. 


1°. Waier.—When wheat is kept for ayear it loses a little water, be- 
coming one or two pounds a bushel heavier than before. When put into 
the mill and ground it becomes very hot, and gives off so much watery 
vapour, that the flour and bran, though together nearly twice as bulky, 
are nearly 3 per cent. lighter than the grain before it was ground. A 
further loss of weight is said to take place when the flour is kept long in 
the sack. If fine flour be slowly heated to a temperature not higher 
than 220 for several hours, it loses a quantity of water, which, in up- 
wards of 20 samples of English flour which I have examined, has varied 
from 15 to 17 per cent. of the whole weight. It may, therefore, be as- 
sumed, that English flour contains nearly a sixth part of its weight of 
water—or every six pounds of fine flour contain nearly one pound of 
water. 

2°. Gluten, albumen, caseine, starch, gum, and sugar.—When the 
flour of wheat is made into dough, and is then washed carefully with 
successive portions of water upon a fine gauze or hair sieve, as long as 
the liquid passes through milky, the flour is separated into two portions— 
the starch, which subsides from the water, and the gluten, which remains 
in the sieve (p. 116). If the water be poured off, after the starch has 
subsided, and be heated nearly to boiling, it becomes troubled, and flakes 
of vegetable albumen (p. 117) are seen to float in it. On setting aside to 


* These are called respectively in London and Paris-— 


London. Paris. Called. 
Fine flour. White flours, Ist quality, de blé. 
Seconds. do. 2d do. de Je gruau. 
Fine middlings. do. 3d do. = de 2e gruau. 
Coarse middlings. Brown meals,4th do, de 3e gruau. 
Pollard. do. 5th «do. de 4egruan. 
Twentypenny. Bran, fine and coarse. 

Bran Waste, &c., Remoulage and Recoupe. 


{ Page 362, and Appendix, pp. 54 and 70. 
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cool, the flaky powder falls to the bottom, and may he collected, dried, 
and weighed. Ifthe water, after filtration, be evaporated to dryness on 
the water bath, a residue will be obtained, which consists chiefly of solu- 
ble sugar, gum, and saline matter, with a little fatty matter, and sparingly 
soluble caseine* (p- 117). 

8°. Glutine and oil.—If, further, the crude gluten be boiled in alco- 
hol, a solution is obtained which, on cooling, deposits a white flock y sub- 
stance, having much resemblance to caseine. When the clear solution is 
concentrated by evaporation, water separates from it an adhesive mass, 
which consists of a substance to which the name of gluline is given, 
mixed with a little oil. By digesting the mixed mass in ether the oil is 
dissolved out from the glutine, and may be obtained in a pure state by 
evaporating the ethereal solution. This oil possesses the general pro- 
perties of the fatty oils, or of butter. As it is partly washed out, how- 
ever, along with the starch, the whole of the fatty matter of the flour is 
best obtained by boiling it in a considerable quantity of ether. 

4°, Vegetable fibrine—The crude gluten, after boiling in alcohol, has 
much resemblance to the fibre of lean beef, and has therefore been named 
vegetable tibrine. When burned, it leaves behind an ash, containing, 
among other substances, the phosphates of lime and magnesia, which 
are to be considered also as among the usual constituents of wheaten 
flour.+ 

Thus, fine wheaten flour, in addition to the water it contains, and to 
the small quantity of bran which is ground up along with it, consists of 
vegetable fibrine, albumen, caseine, glutine, starch, sugar, gum, oil or 
fat, besides the saline substances, chiefly phosphates, which remain in 
the form of ash, when the flour is burned. All these substances vary in 
quantity in different samples of flour,—their relative proportions appear- 
ing to depend upon a variety of circumstances as yet little understood. 
In the various analyses of flour that have hitherto been published, little 
attention has been paid to the per-centage of oil, of glutine, or of caseine, 
which the specimens examined have severally contained. In general, 
the weight of the crude gluten only has been estimated, without extract- 
ing from it either the oil or the glutine. 

The following table exhibits the approximate composition of some 
varieties of French and Odessa flour as determined many years ago by 
Vauquelint :— 


* This caseine begins to form a pellicle on the surface, when the liquid is concentrated by 
evaporation, and though it is generally present only in a small proportion (¥ to 1 per cent.), 
yet the comparative quantilies present in two samples of four may be judged of by the 
abundance in which the pellicle is formed. 

t The saline and other inorganic matter of grain resides chiefly in the husk, as may be 
seen by the relative quantities of ash left by the flour, bran, &c., of several samples of Eng- 


lish and Foreign wheat as determined in my laboratory— 
ASH LEFT PER CENT. BY DRY. 


WHERE GROWN. Fine Flour. Boxings. Sharps. Bran. 
1°, gen Bridge, pi! 124 40 58 69 
2°. Kimblesworth, do.........+ 1-15 38 49 6-7 
3°. Houghall, d0........c.0-0 0-96 30 56 7X 
4°. Plawsworth, do.........+-- 0-93 27 55 76 
5°, Slettin....-..cceecsseccseve 11 45 62 6-9 
6°, Odessa.......+- Uh Saeewen 1-1 49 6-6 en 


t Dumas’ Traité de Chimie, vi. p. 383. 
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COMPOSITION OF THE FLOUR OF 
French Wheat. Odessa Wheat. 
ey eee 
Ist 2d Paris Flinty Soft wie 


quality. quality. Bakers’ Ist 


Flour. oe quality. quality. 

Watertss../7s...7°" 100 12:0 10-0 12-0 10-0 80 
GIBtEN SF. 5056 as 110 73 10-1 14-6 120 8120 
Btarely. so. ste 715 720 728 56:5 620 7038 
fe SEE 47 54 42 85 74 49 
DUT nc nieceee 33 33 28 49 58 46 
Bran...s.....6 = ae = 23 12 _ 
1005 100 100 98:8 9-4 1003 


§ 9. Of the influence of soil and climate on the composition of 
wheaten flour. 


1°. The nature of the soil has a sensible influence upon the composi- 
tion of the grain that is reaped from it. The proportion of gluten, for 
example, is gaid to be generally greater in grain which is reaped from 
calcareous soils, or from such as abound in organic matter. In the north 
of Ireland, this fact has been observed in regard to the wheat grown in 
the limestone districts ; and the millers of the midland counties of Eng- 
land (on the new red sandstone) are accustomed to mix, with their native 
corn, that of the chalk districts to the east and south, for the purpose of 
giving additional strength to their flour. 

Climate.—The wheat of warm climates also is supposed usually to 
contain more gluten. ‘Thus flour, prepared from some Eastern wheats, 
compared with that from others of French growth, was found to contain 
water and dry gluten in the following proportions: 


Water, Gluten, 

per cent, per cent. 

French, Saissette A ; A (alge ye sad 5 pal 12:7 
Rochelle - 3 : a ho ewliect, 11-2 

Brie. A 4 ; Seahet heel S355, 10-7 

Tuzelle 5 2 : wen tomu atl, 83 

Odessa F A ; A : a eyendlexty 15.0 
Taganrog* . ees - 5 a er eG 22-7 


The quantity of gluten contained in English flour has generally been 
stated much too high. Thus, Sir Humphrey Davy} says that he ob- 
tained from the flour of— 


Gluten, Gluten, 

per cent. per cent. 
English winter wheat 19 Barbary wheat 23 
English spring wheat 24 Sicilian wheat 21 


—and others have given numbers nearly as high. But the gluten is 
very difficult to dry, and I believe that the large per-centage of this sub- 
stance assigned by previous experimenters has arisen from the water not 
being sufficiently expelled from it by prolonged heating to 220° F. 1 
select the following from a greater number of determinations, carefully 
made in my laboratory :— 


* Taganrog, at the head of the sea of Asoph, exports the produce of the banks of the 
Don. 
* Agricultural Chemistry, Vecture II. 
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Weight Water 


per in Gluten. 
KINP OF WHEAT. bushel. Flour. WHERE GROWN. 
Ibs, perct. perct. 
Red English ... 624 17-5 8:1 At Sunderland Bridge, near Durham. 
‘ ps Pecrss 16-4 95 At Kimblesworth, near Durham. 
a OP WS eat a 150 85 At Houghall, near Durham, 
TE. Joeabed 168 99 Near Nortin Deighton, Yorkshire. 
White ©. ~-...% 163 15:5 75 At Plawsworth, near Durham. 
os Scotch.. 614 163 94 At Gadgirth, near Ayz (Appendix, p. 59.) 
Red Stettin..... 63 146 86 
“ Odessa.... 61 15-9 115 


In all these cases the quantity of gluten falls far short of that assigned to 
English flour by Davy; yet we may safely, I think, conclude from them 
that English flour seldom contains more than 10 per cent. of dry gluten. 
The flour from North Deighton, which gave 9-9 per cent. was grown 
upon a thin limestone soil, and may perhaps owe its larger per-centage 
to this circumstance. 

But these numbers do not indicate the exact quantity of nitrogen-hold- 
ing food which these flours contained. For in the gluten there is al- 
ways present a variable quantity of fatty matter which contains no nitrogen, 
and which, if extracted, would lessen considerably the weight of the glu- 
ten in some of the flours. On the other hand, however, the water em- 
ployed in washing out the starch holds in solution some albumen and 
casein, which, having the same composition, might be added to the glu- 
ten, and would sensibly increase its weight. Thus in a sample of flour* 
grown in Ayrshire I found— 

Gluten Sup Uae 9-3 per cent. 

Albumen -.... 0-45 per cent. 

Casein Sob nei 0:40 per cent. 

Making inall... 10-15 of substances which contain 
nitrogen in nearly equal proportions. 

We probably, therefore, do not greatly err in general in estimating 
the nutritive value of wheaten flour—in so far as it depends upon these 
nitrogenous compounds—by the per centage of dry gluten which a care- 
ful washing enables us to separate from it. Further researches, how- 
ever, which are now in progress, will throw much additional light upon 
this subject. 


§ 10. Influence of variely of seed, of mode of culture, of time of cutting, 
and of special manures, on the composition of wheat. 
1°. Variety of seed and mode of culture.—The influence of these two 
circumstances upon the relative proportions of bran and gluten are shown 
by the following results of the examination by Boussingault} of several 
varieties of wheat grown in the Botanic Garden at Paris— 


Husk or Bran Flour Water Ginten, &c. 
inthe Grain. inthe Grain. inthe Flour. inthe Flour, 
per cent. per cent per cent. per cent. 
GAMO WHEAT Seec.e.c ct cos coos 19 g 0 20°6 
Russians wheats. 2.5. csc eewaed 18 & 6-4 248 
DMIZIC WHE AL eraieies che ienle eieaelcis 24 76 73 25°38 
Red Foix wheat...... 185 815 93 26°1 
Batre) Wiheaty cise scicte,oic0 averesieicla 22 7 838 27:7 
Winter wheats sci. cterwaieieisa 0 38 62 14-1 33 


* No. 2. Appendix, p. 171. 
t Annales de Chim. et de Phys. lav., p. 3ll. 
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In all the samples the bran and gluten are both very high, but they 
ry much in the several varieties. 
The gluten includes the albumen and casein and other substances con- 
ing nitrogen, but even though grown in the rich soil of a botanic gar- 
n, I fear the sum of these has been estimated much too high.* The 
same variety of wheat grown in the open fields in Taal Tae 17°3 of 
pel and in the Botanic Garden of Paris, 26-7 of gluter 
The time of cutting affects the weight of see as well as the 
felati¥ e proportions of flour, bran, and gluten. Thus from3 equal patch- 
es of the same field of wheat upon thin limestone soil at North Deighton, 
in Yorkshire, cut respectively 20 days before the crop was fully ripe, 10 
days before ripeness, and whicn fully ripe, the produce was in grain— 
20 days before. 10 days before. Fully ripe. 
166 Ibs. 220 lbs. 209 lbs. 
and the per-centage of flour, sharps, and bran, yielded by each, and of 
water and gluten in the flour, was as follows :— 


IN THE GRAIN PER CENT. IN THE FLOUR PER CENT. 
WHEN CUT. la eS 


—“A~A—. 


s = 
Flour. Sharps. Bran. " Water. Gluten. 

20 days before it was ripe..... 747 7-2 175 157 9:3 

EU days before. . 2... eerie gen. veel 5:5 13:2 15°5 99 

MGM. '.<ic ck vec cecs cose ss 72:2 11-0 16-0 159 9-6 


When cut a fortnight before it is ripe, therefore, the entire produce of 
grain is greater, the yield of flour is larger, and of bran considerably less, 
while the proportion of gluten contained in the flour appears also to be 
in favour of that which was reaped before the corn was fully ripe.+ 

3°. Special manures.—It is said that the employment of manures 
which are rich in nitrogen not only causes a larger crop, but also produ- 
ees a grain which is much richer in gluten. The experiments which 
have hitherto been chiefly relied upon in proof of this result are those of 
Hermbstadt. On ten patches, each 100 square feet, of the same soil (a 
sandy loam) manured with equal weights of different manures in the dry 
state, he sowed equal quantities (4 lb.) of the same wheat—collected, 
weighed, and analysed the produce. His results are represented in the 
following table :— 


=o = +» ae 
: = le see ee ©. € Se eis 
B aa $2 32 §2 £2 £2 28 B82 22 
* > — = a3 cs = cs aS Sa oo os 
On 4u ws Os HshGe ta pOnsemdiees 
a Wa Weep ost or -Wfold. I4fold. l2 fold. I2fold. 1I2fold. l0fold. Qfold. Tfold. 5fold 3 fold. 
WIV SLEPT. cide sjeiseitcess oe 43 4:2 4-2 4°3 4:2 4°3 4°3 4:2 4-2 4:2 
Gluten 34°2) 33°9 32:9. 32°9- Bb" -¥3"7 «18-2 12-0 9-6 9°2 
Albumen 0 1°3 1°3 1°3 14 1-1 0-9 1:0 0:8 0°7 
Starch... 38 41:4 42°38 42:4 39°9 61°6 63:2 62°3 63:9 66°6 
WURAL ccs. c oes 9 1°6 15 1°5 1:4 1°6 1-9 1-9 1:9 "9 
MRIYIN Do Laide. Slo en so i 8 1°6 be5 175 1°6 1°6 19 1-9 1°6 1°8 
Fatty Oil. . 0-9 Il 1-0 0-9 1-0 1°6 0-9 1°0 1:0 1:0 
RolublePhosphates, &. 05 O68 O07 OF O9 O86 OF O85 O58 O83 
Husk and bran........ 13-9 14°0 13°S8 14:2 14:2 14°0 14:0 14°99 14:0 14:0 
99°38 99°7 9997 ~~ 99°7 4099-7 -99°6  99°8  99°7 . 99°8 99-7 


The large per-centage of gluten obtained by the use of the first five 


* In these flours the gluten was not determined by washing out the starch, but by amore 
refined method of ultimate analysis, as it is called, by which the per-centage of nitrogen is 
determined, and the proportion of gluten, &c., calculated from this. When the per-centage 
of nitrogen is small, as in wheaten flour, this method is open to many sources of evror, 


* See a paper by Mr. John Hannam, Quarterly Journal of Agriculture, \wiii , p. 173. 
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manures is very striking, if the determinations are really to be depende. 
upon. They are certainly interesting in a theoretical point of view, ani 
are deserving of careful repetition. In reference to their bearing upo 
practical farming, however, it must not be forgotten, that the results o 
small experiments are never fully borne out when they are repeated o1 
the large scale—that the relative value of different animal manures i 
materially affected by the kind of food on which the animal has lived 
that independent of manures, there are circumstances not yet made ou 
which materially affect the produce of single patches*—and that it wil 
rarely be in the power of the practical farmer to apply at pleasure to hi 
fields the relative proportions of the several manures used by Hermb 
stiidt. Thus, if instead of 20 tons of farm-yard manure he wished t 
try blood or urine alone, he must apply 24 tons of the former, and 7 
tons of the latter—quantities which it might be both difficult to procure 
and inconvenient to apply. 

The most practically useful results yet published in regard to the ae 
tion of the different manures upon the weight of the crop, the proportio 
of flour yielded by it, and of gluten in the flour, are those of Mr. Burnet 
to which I have already had occasion to draw your attention.t Thes 
results were as follow :— 


r ine Flour Gluten 
FEND CE ANURE: EF ace PSs the pain in the oar 
Wothme te 20, ee a atatbshis. oe las. 9-4 per cen 
Sulphated urine and wood ashes. 40 “ 663 “ TO5.! BE 
Do. and sulphate of soda. 49 ‘“ 633 “ i ed 
Do. and common salt. . 49 ‘ 65214 Sort 
Do. and nitrate of soda, . 484 “ 543 1G: ~' 46 


We perceive here a slight increase in the per-centage of gluten when 
the manures were applied, but nothing which at all resembles the great 
differences given by Hermbsatdt, or which renders it probable that by 
skilful management, as some have supposed, we may hereafter be 
able to raise in our fields whole crops of corn which shall yield a flour 
containing 20 or 30 per cent. of gluten. 


§11. Of the effects of germination, and of baking, upon the flour of wheat. 


The effects of germination and of baking upon the flour of wheat are 
very analogous to each other. In both cases, a portion of the starch is 
changed into gum and sugar. 

1°. Germination.—I have already described to you (p. 118), the very 
beautiful change which takes place during the sprouting of the seeds of 
plants—how a portion of their gluten is changed into diastase, and how, 
by the agency of this diastase, the starch of the seed is changed into gum 
and sugar. In an experiment made by De Saussure, 100 parts of the 
farina of wheat had by germination lost 6 parts of starch, and in their 
stead had acquired 34 of gum and 24 of sugar. The effect of this 
change—which proceeds as the plant continues to grow—is to make the 
starch soluble, and thus capable of entering into the circulation of the 
young plant. 

2°, Baking.—lIt is the larger proportion of gluten usually contained 
in the flour of wheat that renders it so much better fitted for the baking of 


* See Appendix, pp. 59and 79. 1 See p. 362 and Appendix pp. 49 and 71. 


UPON THE FLOUR OF WHEAT. 504 


bread than the flour of any other grain. If the gluten be washed out of 
the flour, and put alone into the oven, it will swell up, become full of 
pores, and assume a large size. The comparative baking qualities 
of different samples of flour may be judged of by the beight to which, in 
similar vessels, the gluten of equal weights of flour is thus observed to rise. 

We have already seen that by heating in an oven, dry starch is gra- 
dually changed into gum (British gum, p. 113), and into a species of 
sugar—becoming completely soluble in water. Such a change is pro- 
duced upon a portion of the starch of wheaten flour when it is baked in 
the oven. Thus in 100 parts of the flour, and of the bread of the same 
wheat, Vogel found respectively— 


Starch. Sugar. Gum. 
Flour a - ELS _— —_ 
Bread : - , 53$ 34 18 


s 2 
So that a very considerable portion of gum had been produced at the ex- 
pense of the starch. 

The yeast which is added to the dough in baking, acts in the same 
way as when it is added to the sweet wort of the brewer. It induces a 
fermentation by which the sugar of the flour is changed into carbonic 
acid and alcohol. The carbonic acid is liberated in the form of minute 
bubbles of gas throughout the whole substance of the dough and causes 
it to rise, the alcohol is distilled off in the oven. If too much water 
have been added to the dough—or if it have not been sufficiently knead- 
ed—or if the flour be too finely ground—or if the paste be not sufficiently 
tenacious in its nature, these minute bubbles will run into each other, 
will form large air holes in the heart of the bread, and will give it that 
open irregularly porous appearance so much disliked by the skilful 
baker. Good bread should be full of small pores and uniformly light. 
Such bread is produced by a strong flour; that is, one which will rise well, 
will retain its bulk, and will bear the largest quantity of water. 

The quantity of water which wheaten flour retains when baked into 
bread depends in some degree upon the quality of the flour. In the 
Acts of Parliament relating to the assize of bread, it is assumed that a 
sack of flour (280 lbs.) will produce 80 quartern loaves, or 320 Ibs. of 
bread. According to this calculation the flour should take up and retain 
* when baked one-seventh of its weight of water. But the quantity of water 
retained by the flour now in use is very much greater, and the profit to 
the baker, therefore, very much more than this calculation supposes. 

This is shown by the quantity of water which is lost by wheaten 
bread, whether of first or second quality, when it is dried by prolonging 
heating, at a temperature not exceeding 220° F. The home-made 
bread (white and brown) baked in my own house, and in two other 
private houses in Durham, lost of water by drying in this way— 


How long baked. Water per cent. 
1°. White s : ‘ 24 hours. 43°3 
Brown* . : A 24 do. 44-0 
2°, Brown } : : 42 do. 44+] 
White : c - 36 do. 42-9 
3°. White : 5 ‘ 9 do. 44-] 


* The brown bread is made from the whole grain of the wheat as it comes: from the 
milJstones—nothing being separated by sifting. 
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So that wheaten bread one day old contains about 44, and two days old, 
about 43 per cent. of water. Something, however, will depend upon 
the size of the loaves. 

This proportion is almost exactly the same as that contained iu the 
white bread of Paris. According to Dumas, the water in the cons.on 
white bread of Paris amounts to— | 

Hours baked. Water per ceut. 
2 : ° . : - 5 - 45-7 
aegis SAZOR CerVTln NAR We BO: SERED OH” 5b RUC TE 

10 . . . ° ° 5 : 3°0 
24 : A - 5 : : 43°5 

We may assume, therefore, 44 per cent. as very nearly the average 
quantity of wate sontained in good white bread both in England and in 
France. Bread baked for public establishments contains more water,— 
not being generally so well fired, or being baked in the form of many 
loaves stuck together, instead of in separate tins, as is done with home- 
made bread. Such is the case with the soldiers’ bread of our own 
country, and the barrack bread of Paris (pain de munition) which con- 
tains about 51 per cent. of water. 

We have already seen (p. 499) that English wheaten flour contains, on 
an average, about 16 per cent. of water. If, therefore, the bread baked 
from it, as it comes from the mill, contain 44 per cent., every hundred 
pounds consist of— 

Dry flour 5 5 “ 4 . 56 662 
Water in the flour (naturally) : 104 "2 
Water added by the haker , i capa ae LE 


100 
Or, the flour, in baking, takes up half its weight of water. A hundred 
pounds of flour, therefore, as it comes from the mill, will give very 
nearly 150 pounds of bread. Thus— 

Flour contains Bread contains 

Dry flour : . : : R 84 
Natural water : : : 16 16 
—— Water added. . 50 
100 eee 

Weight of bread 150 
A sack of flour, therefore, or 280 Ibs., ought to give about 420 Ibs. of 
well baked bread. Something must be deducted from this for the loss 
by fermentation, and for the dryness of the crusts. Allowing 5 per cent. 
for these, a sack of flour should give 400 lbs. of bread of the best quality,* 
or 100 quartern loaves. The cost of fine white bread, therefore, com- 
pared with that of corn and flour, ought to be very nearly as follows :— 


Cost of Flour, Cost of Bread, Market price of 

per sack. per stone. per qnartern loaf. Grain per qr.t 
35s. is. 9d. 4id. 47s. 
40s. Qs. Od. 44d. 52s. 


* Unmixed with potatoes, which are employed by many bakers in considerable quantity 
Mixed with the yeast they are said to make the bread lighter. 

+ This column has been calculated for me, from the price of the flour, hy my friend Mr. 
John Robson, miller, in Durham. The practical rule is, that 6 bushels of corn should give 
one sack of flour, and that the miller should have the offal for his trouble. 
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Cost of Flour, Cest of Bread, Market price of 

per sack. per stone. per quartern leaf. Grain per qr. 
45s. 2s. 3d. 57d. 60s. 
50s. 2s. 6d. 6d. 67s. 
_ oo8. 2s. 9d. 63d. 72s. 
60s. 3s. Od. 7id. 80s. 


The economy of baking at home, therefore, at the usual prices of 
bread, seems to be very considerable. 


§ 12. Of the supposed relation between the per-cenlage of gluten in 
flour, and the weight of bread obtained from it. 


It has been assumed by recent chemical writers that the quantity of 
water absorbed by flour, and consequently the weight of bread obtained 
from it, depends, in whole or in great part, upon the proportion of gluten 
which the flour contains. The following facts, however, do not accord 
with this suppositien. 

1°. Household bread, made respectively from the flour of a French 
wheat and of a wheat from Taganrog, retained nearly the same per- 
centage of water, though the one sample contained upwards of twice as 
much gluten as the other. Thus— 


Gluten per cent. Water per cent. 

" Be in the Flour. in the Bread. 
Flour of Brie ‘ : : 10-7 47:4 
Flour of Taganrog ; , 22°7 47-0 


This one fact might be supposed to settle the question, but I shall 
mention others. 

2°. The flour from Odessa wheat contains about }th more gluten than 
French flour in general, and yet it absorbs very little more water (Du- 
mas). ‘This Dumas accounts for by the fact that the starch of the 
Odessa wheat forms hard transparent horny particles, which take less 
water to moisten them than the impalpable powder yielded by the softer 
French wheats—so that the gluten does not appear to produce its full 
effect. Ido not know how far this explanation is consistent with the 
fact that the hard flinty wheats give the best biscuit flour—what the 
baker calls the strongest, which rises best, and absorbs the most water.* 

3°. Rice is said to contain very little gluten—not estimated by any to 
amount to more than 6 or 7 per cent.—and yet it is stated as the result of 
numerous trials, that an admixture of a seventh part of rice flour causes 
wheaten flour to absorb more water.f 

4°. If the hard wheats be ground too fine they lose a part of their ap- 
parent strength, the flour becomes dead, as it is sometimes called, and 
refuses to rise as it would do if sent to the baker in a more gritty and less 
impalpable state. 

5°. Lastly, the admixture of very minute quantities of foreign matter, 
by way of adulteration, is said to have a remarkable influence upon the 
quantity of water which the flour will absorb. In some parts of Belgium 
it appears to have been the practice to adulterate the bread with a small. 
quantity of sulphate of copper.t This salt is dissolved in water, and 

* That such: is the case also in foreign countries, see a letter from the British Consul at 
Lisbon, in Davy’s Agricultural Chemistry, Lecture UL. 

t Dumas’ Traité de Chimie, vi., p. 396. 

t Blue vitriol—a violent poison. 
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the solution added to the water with which the dough is to be made, in 
the proportion of about one grain to two pounds of flour. It gives the 
bread a fairer colour, and thus permits the use of inferior flour, and it causes 
the bread to retain about six per cent. more water without appearing ioist- 
er. Evenin the small proportion of one grain of the sulphate to 6, or 
7 lbs. of flour, it produces a very sensible effect (Kuhlman). 

Other adulterations also exercise a similar influence. Alum improves 

the colour of the bread, raises it well, and causes it to keep water, but it 
requires to be added in larger quantity than the more poisonous sulphate 
of copper. Common salt likewise makes the paste stronger, and 
causes it to retain more water, so that the addition of salt is a real gain 
to the baker. , 
_ From all these facts, therefore, we may infer that, independent of the 
relative proportions of gluten, very slight differences in composition— 
such as have not yet been souglit for or appreciated—may materially 
affect the relative weights of bread obtained by the baker from different 
samples of wheaten flour. 


§ 13. Of the composition of barley, and the influence of different manures 
upon the relative proportions of its several constituents. 


The grain of barley consists of nearly the same substances as that of 
wheat, but in proportions somewhat different. These proportions, how- 
ever, are affected both by the kind of manure with which the land is 
dressed, and by the nature of the soil on which the seed is sown. 

1°. Manure.—The effect of manure appears from the following table, 
containing the results of Hermbstadt, obtained in the same way as those 
with wheat already described (p. 503) :— 


wi Sie = ect 48,07 fe Fe LS ees 
KIND OF 3 ad 3 3 = 2 & & 5 S ze ie 
MANURE, [=e ee = | Ss a 3 Du 
5 & G6 48 2 2 GO 5 SEES 2SZ 
Ox Blood....... 10°4 13°6 5:7 O-4 59°9 4:6 4:4 04 0-4 16 
Night-soil ...... 19:2 13°6 5°83 0°5 59°6 4°5 4:3 0-5 0°6 13 
Sheep’s dong... 13 13°5 5°77 04 59°9 4:6 4:4 04 03 16 
Goat’sdung..... 10°4 13°5 5:7 04 59°9 4°6 4°5 0-4 03 15 
Human uriae... 10°3 13°6 5°9 0°5 59°6 4°4 4:4 O4 0:7 13! 
Horse dung..... 10°4 13°5 5-7 0°4 59-7 4°6 4-5 O-4 0-4 13 
Pigeon’s dung... 10°4 13°5 5°6 O04 59'S 4°6 4°5 O-4 0-4 10 
Cow’s dung..... 10°8 13°6 3°3 0-2. 61°9 4°8 4:6 0-3 0-3 lL 
Veget. manure.. 10°38 13°6 2°9 0:2 62:2 4°9 4:8 0-2 O-1 7 
No manure..... 108 13°6 29 O°1 62:5 5°0' 4°7 0°1 0-1 4 


In so far as reliance is to be placed upon the numbers in the above 
table, as indicative of the general effect of the several manures men- 
tioned, it would appear that the relative proportions of gluten, albumen, 
and starch do not vary very much until we come to cow-dung, when the 
former two substances sensibly diminish. Further experiments, how- 
ever, are required upon this subject (see page 514). 

2°. Soil.—The effect of soil upon the barley crop is known to all 
practical farmers—so that the terms barley-land and wheat-land are the 
usual designations for light and heavy soils adapted especially to the 
growth of these several crops. On clay lands the produce of barley is 
greater, but it is of a coarser quality, and does not malt so well—on 
loams it is plump and full of meal—and on light chalk soils the erop is 
light, but the grain is thin in the’skin, of a rich colour, and well adapted 
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for malting.* The barley of the light lands in Norfolk is celebrated in the 
North of England for its malting properties—and the brewers refuse the 
barley of the county of Durham, even at a lower price, when Norfolk 
barley is in the market. When unfit for malting, barley affords a fat- 
tening food for pigs and for some other kinds of stock. 


§ 14. Effect of malting upon barley. 


During the germination good barley increases in bulk one-half. In 
order that it may do so, it must be uniformly ripe+a quality of great 
value to the maltster. This maximum bulk is generally acquired in 24 
hours after it has been moistened and laid in heaps. In drying, how- 
ever, the barley again diminishes in bulk, so that the dried malt rarely 
exceeds by more than ,4th or ;yth the bulk of the grain as it came from 
the market. The well-dried malt, however, is lighter by 4th tnan the 
barley from which it is made—100 lbs. of barley yielding about 80 lbs. 
of malt. This is not all loss of substance, since by a similar drying the 
barley itself before malting would lose about 12 per cent of water. The 
loss of substance, therefore, is only about 8 per cent. This diminution 
of solid matter arises in part from the loss of the little roots which form 
the malt-dust (cummins), of which I have already spoken (p. 436) as 
being a valuable manure, and of which 4 or 5 bushels are obtained from 
100 bushels of barley. 

The colour of the malt varies with the temperature at which it is dried. 
If the heat does not exceed 106° F. a very pale malt is obtained, which 
gives a very white beer. A heat not rising above 180° gives an amber 
coloured malt—while for brown malt the temperature may rise as high 
as 260° F. By mixing these varieties beer of any colour may be made. 
But in the porter breweries it is usual to prepare a quantity of malt of a 
brownish black colour (burned malt), by adding a portion of which any 
required shade of colour is imparted to the liquor. 

During germination a variable quantity of the gluten is converted into 
diastase (p. 119), and about two-fifths (40 per cent.) of its starch into 
sugar or gum (dextrine). The quantity of diastase produced depends 
upon the extent to which the germination has proceeded. It is greatest 
at the moment when the gemmule is about to burst from the seed, and to 
form the young shoot. 

I have already explained the beautiful purpose served by this diastase 
in converting the insoluble starch of the grain into soluble sugar and 
gum. When the beer is to be made wholly from malt, it is unnecessary 
to continue the germination till the largest quantity of diastase is pro- 
duced. It is sufficient if the gemmule, on holding up a grain of the 
barley, be seen within the skin to have attained one-half or two-thirds of 
the length of the seed. The diastase then produced is more than enough 
to convert the whole of the starch of the grain into sugar (p. 120). But 
if raw grain, as in some of our distilleries, is to be added to the malt, 
then the malting should be prolonged till the bud is about to burst through 
the husk, so that the largest possible supply of diastase may be contain- 
ed init. In this way also malt is prepared when it is to be employed 

* “The barley on the compact clays (in Hants) is of acoarser quality, but produce greater— 
on the light chalk soils it is well calculated for malting—the skin is thin, and colour rich but 


light—in fullness of meal and plumpness of appearance it never equals the barleys grown in 
Staffordshire, and upon loamy lands.’’—-Mr. Gawler in British Husbandry, iii. p. 12. 
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in the manufacture of syrup (glucose) from potatoe flour—a branch of in- 
dustry which has become of some “mportance in certain parts of France. 


§15. Composition of oats, and effect of manures in modifying that composition. 


The relative proportions of husk and meal in the several varieties of 
the oat differ in a greater degree, probably, than in Any other grain. 
Thus, the potatoe-oat is known to be richer in meal, the Tartary-oat in 
husk. The round grain of the former is chiefly grown in Scotland, for 
grinding into meal, ‘the latter in England, for feeding horses. 

But even the round potatoe-oat varies much in the produce of meal 
which it gives. Many samples yield only half their weight of oatmeal, 
others 9 stones out of 16, while some give as much as 12 stones from the 
same quantity, or three-fourths of their weight. In one variety of oat 
Vogel found 66 per cent. of meal and 34 of husk, which is equal to 104 
stones of meal from 16 of grain. He also extracted from the meal 2 per 
cent. of oil, and 59 of starch, and observed it to lose by drying upwards 

of 20 per cent. of water. 

Soil, season, climate, variety of seed sown, and the kind and quantity 
of manure appltied—all atfect the amount of produce and the chemical 
composition of the oats that are reaped. According to Hermbstadt, the 
effect of different manures in modifying the composition of the produce 
of the same seed are represented by the numbers in the following table: 


te hes elon e Dons MENS 
KIND OF z +s Bie gS 2 a 5 ne e445 
MANURE. a STS Vato igh Sek SPke ae ae ais 
> & G6 45 f# 2 6 5S EREB men 
Ox Blood’........< 120 19:3 5:0 04 53:1 3°83 55 0:3 0-4 124 
Night-soil ...... 12°21 19"2 4°6 0°4' 53°3° 3°8 54 “0-3 0-5 14} 
Sheep’s dung... 12°6 13°3 4:0 0°5 54:0 5°2 5°5 03 0-4 14 
Goats dung. .,. 12°9 17°70 4:3 0°4 53:2 5:4 5:7 03 0-4 15 
Human urine... 13:0 17:0 4'4 0°5 53'1 50 5'7 O-4 0-6 13 
Horse dung..... 13"1 16°0 4:9 0°56 54°5 5:2 5:6 0°3 0-5 14 
Pigeon’s dung .. 12-3 18°3 3°2 0°3 53:2 5:0 6°8 0:3 0:3 12 
Cow dung....... 11:6. -15°0.-3°1" 033 50°03 1658: asa, 10-3 0-3 16 
Veget. manure.. 10'S 13:0 2-0 0°2 59°9 6:4 7:0 0:2 0°2 13 
Unmanured..... 108 12:0 1:9 0:2 60°0 6:4 7:0 0°3 0-1 5 


The differences in this table are very striking [see p. 515]. 


§16. Composition of rye, and effect of different manures upon ils composition. 


The grain of rye approaches nearest to that of wheat in the quantity 
of aluten it contains, and in the consequent fitness of its flour for baking 
into bread. It sometimes also contains much sugar—recent rye-bread 
having almost invariably a sweet taste—but the proportion of sugar ap- 
pears to be by no means constant. Thus Einhof and Greif exhibit the 
composition of a sample of rye-flour, examined by each of them, re~ 
spectively as follows :— 


Einhof, per cent. Grief, per cent. 

Husk” : Cuil (Sp! —_ 

Gluten (not dried). 9°5 12-8 
Albumen sr es? 323 3-0 
eae TA ee LAT 58°8 
rd: PO NN IE. OR oie 10-4 
Gum BR ee rel Ley we 
Loss Site eri ma MRD 7°8 
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Perhaps no great degree of faith is to be placed in these analyses. If 
they are to be depended upon, they show that very remarkable differ- 
ences indeed may exist in the relative proportions of some of the consti- 
tuents of rye flour. The flour of rye is said to be more absorbent of 
moisture from the air than that of any other grain.* 

Rye delights in a sandy soil, and is cultivated in general in such as 
are poor in vegetable matter, and to which manure is not very abun- 
dantly added. The experiments of Hermbstadt, whose results are ex- 
hibited in the following table, do not show any very striking difference 
to have been produced upon the composition of the grain by the use of 
the different animal manures :— 


. : : 4 2 - cs 

KIND OF $ 4 8 3 a 2 & 6 = as sn¢ 
MANURE. 3 BS Say Ss Ss) = sols ox 

SF = GS EH 28S 5 ghes esa 
Ox Blood....... 10-1. 10:4 12:0 3-6 52-2 3°6 6-2 1:0 0°8 14 
Night-soil ...... 10-0 10°7 11-9 3°2 52°4 3°5 6°3 0-9 0-9 134 
Sheep’s dung... 10°0 10°8 11-9 3-4 52:3 36 G1 11 O06 13 
Goat’sdung. ... 10:0 10-8 11°9 3:4 52-2 3°5 60 1:0 0-9 124 
Human urine... 10:1 10°8 12:0 3:5 50:2 3°3 4-6 lL 4:2 13 
Horse dung..... 10-0. 10:7) 11-9) 2°8.468'2 4:0 4:6 1503-6 ll 
Pigeon’s dung... 10°1 10°5 IL-6 3°7 52°2 3°7 4°77 0°99 2:3 9 
Cow dung....... 10-0 10°4 10°8 2-0 54°3 3°9 5-7 0-9 1:8 9 
Veget. manure.. 10°0 10°7 8°8 2°6 55°1 4°8 5°2 O-'9 1:7 6 
Unmanured..... 100 10-1 8-6 2-6 56°3 4:7 5-4 0°99 1:3 4 


The above table exhibits a larger increase in the return or produce 
from some of the animal manures than from others, but we do not see 
any of those remarkable differences in the composition of the flour, which 
are observable in the results obtained by the application of different 
manures to the wheat crop. 

The substance extracted from rye, and called gluten by Hermbstadt, is 
different from the gluten of wheat, and is more like the glutine extracted 
from the latter grain. When dough made of rye flour is washed in 
water, it nearly all diffuses itself through the liquid, leaving little more 
than the husk or bran behind. The starch deposits itself from the milky 
liquid, or may be separated by the filter. When the liquid is evaporated 
to dryness, and the dry mass boiled in alcohol, the su-called gluten is 
dissolved out, and may be separated from the alcohol by distillation. It 
must then be washed with water to free it from sugar. Like the gluten 
of wheat, it is now insoluble in water, and is less cohesive than gluten. 
Both of these forms of gluten are supposed to have the same composi- 
tion as vegetable fibrin and albumen, and as the curd of milk. 


§ 17. Composition of rice, maize (Indian corn), and buck-wheat. 


1°. Rice is usually supposed to differ from other kinds of grain by the 
larger proportion of starch which it contains. 

The large quantities of rice consumed by the native inhabitants of 
India, and of other warm countries, has often appeared surprizing to 
foreigners. Chemists have explained this alleged fact by supposing the 
small per-centage of gluten contained in rice, as shown by the following 
analyses, to be insufficient for the sustenance of the body—when no 
other food is used—unless this grain be eaten in exceedingly large quan- 

* A sample of rye meal, dried in my laboratory, lost only 14% per cent. of water, and of 


rye bread leavened 44, and yeusted 46 percent This rye meal may possibly have been 
mixed. 
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tities. It is probable, however, that the nitrogenous constituents of rice 
are stated too low in the analyses of Braconnot, and that it contains albu- 
men or casein, or some analogous substance, which has been passed over 
by this chemist. A series of carefully repeated analyses of different 
varieties of rice, if it did not modify, would at least fix our present opin- 
ions in regard to its theoretical value as food for man.* 

Two samples of rice examined by Braconnot, were found by him to 
be composed of— 


Carolina. Piedmont. 
Wrater ie) Go ecuse es U) 7:0 
Fiusieine Geen tr ass 4:8 
Gluten. 2° .°"'3"6 3°6 
Starch’ 6 185-07 83:8 
Sacer Bert seco. Sow 0-05 
Gum hr va Se se 07 0-1 
Oil . Sere Ge 0:13 0-25 ° 
Phosphates Se oc a0 0-4 

100 100 


2°. Maize or Indian corn is celebrated for the large return of food 
which it yields from a given extent of land, and for its remarkably fat- 
tening qualities when given to poultry, pigs, and cattle. Buckwheat 
is also a very nourishing grain. They consist respectively of— 


Dry maize (Payen). Buckwheat (Zenneck). 
Husk é é . : 5:0 26-9 
Gluten, &c. . : é 1:2 10-7 
Starch 3a R : 71 §2°3 
Sugar and gum . : 0°5 8°3 
Walty matter. |. : 8-9 0:4 
Colouring matter. - 5:05 _ 
Salts . : ‘ : 1:8 2 


24:53 98-6 

The above analysis of maize must be incorrect, as it supposes the fatty 
matter to amount to nearly 36 per cent. of the weight of the corn. 
Dumas has fately stated it at 8-9 per cent.—instead of 8-9 in 24:55 parts, 
as found by Payen—and Liebig denies that Indian corn contains more 
than 5 per cent. of fatty matter. New analyses, therefore, are required 
of this grain also. Indeed it may be said in general of all the substances 
used, especially in feeding animals, that we have not yet the requisite 
knowledge to enable us to reason accurately in regard to the special ope- 
ration of each in sustaining the body or in promoting the growth of fat.t 


” Five varieties of rice, as it is sold in the shops, examined in my laboratory, lost of water 
and gave of ash per cent. respectively— 


Water. Ash. Water. Ash. 
Macirasiritet’s 6 O08 13'S 0-58 | Carolinarice . . . 130 0:33 
Bengal rice.) sos dl 0-45 Do. flour. . 146 0:35 
Patna rice Sears rier! 0°36 


The water in these samples is very much greater than in those examined by Braconnot. By 

exposure fo the air the rice ina few days re-absorbed nearly all it had lost by drying. The 

ash of rice contains more alkaline matter than that of wheat, and is very difficult to burn white. 
t Dumas, T’raité de Chimie, vi., p. 394. 


t A.sample of Indian corn examined in my laboratory, lost of water 13°6 per cent., and 
left of white earthy ash 1:3 per cent. 


GENERAL EFFECT OF MANURES. 513 


§18. On the alleged general effect of different manures in modifying the 
amount of gluten and albumen in wheat, barley, oats, and rye. 


Among the general deductions in regard to the special influence of 
manures upon the quality of the grain we reap, that which has been re- 
ceived with the greatest confidence is this—that the richer in nitrogen the 
manure we apply, the richer in gluten the grain we reap. 

The only experiments, having any pretensions to accuracy, by which 
this opinion has hitherto been supported, are those of Hermbstadt. The 
results of these experiments are contained in the four tables to which I 
have directed your attention under the heads of wheat, barley, oats, and 
rye. As the opinion founded upon them is one which, if correct, is of 
great practical value,—it will be proper to examine the experiments them- 
selves a little more narrowly. Are they really deserving of implicit 
credit? Do they justify the conclusion that has been drawn from them ? 

Turn first to the experiments upon wheat, of which the results are 
embodied in the following table, repeated from page 503 :—- 


2 S , 2 

Be Meee) ae de Bes As he ae 

gS? Be Be ge ors key Pees es Be 

6s 23 ws Go £5 me As 65 5 £ 52 

Returns «6 ise ee + 2 lifold. Adfold. l2fold. I2fold. 12fold. IWtold. Qfola. 7fold. Sfold. 3 fold. 
WSR ltr ecttin ic cha clases 4°3 4°2 4-2 4:3 4:2 4°3 4-3 4:2 4°2 4-2 
GTS 82 oSSSe 34-2) BarOP (32°98 S229) 835-1)" AS 7 12-2 10 9°6 9-2 
MbanieN. : secre dees UOy ASB cebidyre al°By p Aeden Dp bip yO: Oey vP Oot ORT 
2) Et he Bees 41-3 41-4 42°8 42-4 39:9 61:5 63:2 62:3 65°9 66-6 
Po ood Acorn sareGcric 1-9 1°6 1°d 15 1-4 16 1°9 1:9 1:9 Jee 
Gum |. =. 18x65 re AcGle Webs weleawal:D 66166 © “V6 1-9-" a9) KEY arg 
a ee Omi latek olcGeee 10-9) ecO's olcOn 0-9) es (igi Ou (ach 
SolublePhosphates,&c. 0°5 0-6 0-7 0-7 0-9 0-6 05 05 05 O38 
Husk and bran........13°9 14:0. 13°8 14°2 14°2 14:0 14°0 14:9 14°0 14:0 
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| 
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| 


| 


99°38 6927 = ‘S9c Ae 9997. (99:7 99-6 O9"Siendeagers9-5 (99-7 
1°. Water present.—The water in each of these 10 specimens of grain 
was nearly the same, about 4} percent. | have already stated the quan- 
tity of water in English flour to amount to about 16 per cent. on an ave- 
rage. Many samples of wheat also have been dried in my laboratory. 
From the results I extract the following, showing the water lost by corn 
grown in four different parts of the world :— 
English, Lammasred. . . - ~. ~ 15:1 percent. 
EWING MANGAL J bie An Tain encase tae 4 lesa eae 
Se CLE IY oa ek Vans tile tn beh ameed 
PSM e WMCHE So a, glee) ots Sere ag ee 

This weight of water is lost when the grain, as it is sold in the market, 
is crushed and then heated to a temperature not exceeding 220° as long 
as it loses weight. 

The above quantities of water are very much greater than those found 
in the wheats of Hermbstadt. I cannot ofier these results, however, as a 
proof of inaccuracy on the part of this experimenter, as | have not had 
access to his original memoir. It is only fair towards him, therefore, to 
conclude that, before they were subjected to analysis, his wheats had been 
artificially dried in a very considerable degree. P 

2°. Oil in the different samples.—Again, it appears remarkable that 
the quantity of oil in all the samples of wheat in the above table is nearly 
identical, and is also very small. I have examined the fine flour yielded 
by several samples of the same wheat, grown by Mr. Burnet, of Gad- 
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girth, upon the same field, but dressed with different manures, [A ppen- 
dix, pp. 55 and 71,] and the proportions of oil which they yielded in 
the state in which they came from the mill, were as follows :— 


Per cent. 
moe rom the .wndressed: Saul!’ Ss... chs we, le Mins ae, pote 
2°, Dressed with guano and wood-ash . . . . . . 1:9 
3°. With artificial guano and wood-ash . . . . « 22 
4°. Sulphated urine and wood-ash . . . . - « - 22 
5°. Do. do. and sulphate of soda. . . - . 20 
6°. Do. do. audicommyon salt iis cs ters on freee one 
Won Dos do. and nitrate of soda. . sees 


The two facts—that the quantity of oil in nearly all the above sam- 
ples is so much greater than was found by Hermbstadt in any of his 
specimens, and that the proportion varied with the kind of manure with 
which the wheat had been dressed—these two facts, I think, show that 
the analyses of Hermbstadt have not been made with such a degree of 
accuracy as to justify us in relying with confidence upon the general de- 
ductions to which they seem to lead. 

3°. Relative effects of these manures upon different erops.—1f we com- 
pare together the relative proportions of gluten and albumen contained in 
the several samples of wheat, bar'ey, oats, and rye, examined by 
Hermbstadt, and éxhibited in his tab!es, we shall find that the eflects of 
his manures were by no means unifo'm upon the several crops. Thus, 
when manured with— 

The gluten and albumen per cent. 
taken together were in the 


Kind of Manure. Wheat. Harley. Oats. Rye. 
Ox blood . : . é 35:2 61 54°* T5:6 
Night soil . : : - 35 2 63 5:0 Toa 
Sheep’s dung . . . 34:2 61 45 15:3 
Human urine. : é 365 6-4 49 155 
Horse dung : : ‘ 148 61 45 147 
Pigeon’s dung. : ‘ 13:1 60 35 86153 
Cowdung . : ; ; 13-0 39 8634 128 
Nothing. : : : 9-9 3 21 11:2 


Upon the numbers in this table I offer you the following remarks :— 

a. Upon the wheat, the effect of the horse and pigeon’s dung, in in- 
creasing the amount of gluten and albumen, was little more than one- 
fifth of that produced by the sheep’s dung. Thus the wheat contained 
of gluten and albumen,— 


Per cent. Increase of gluten. 
Gndressed sry. ils) 89 — 
With sheep’sdung .. . 34-1 24-2 per cent. 
With horse dung . . . . 14:7 4:8 
With pigeon’sdung . . . 13-1 3:2 


But we have seen (p. 470) that in so far as the nitrogen is concerned, 
dry horse and sheep's dung ought to produce equal effects, while pigeon’s 
dung should have three times the effect of either.* Whatever be the 
cause of the increasgd proportion of gluten in the experimental wheats 
of Hermbstadt, it cannot, therefore, have been owing solely to the pro- 
portion of nitrogen in the manures he applied. 


° 22 of dry pigeon’s dung are equal to 65 of sheep’s, or 64 of horse’s dung. 
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6. Again, upon the barley, oats, and rye, the sheep’s dung produced 
little more effect than the horse’s dung. It might be said that this was 
because these two manures contain nearly the same proportions of nitro- 
gen. But if so, why did they not produce like effects also upon the 
wheat !—and why did pigeon’s dung impart less gluten than either, to 
all these varieties of grain? 

c. The unsatisfactory nature of these experiments is still more clearly 
seen when we compare the relative proportions of nitrogen, contained in 
the several manures applied, with the proportions of the same element 
contained in the several crops to which these manures had been added. 

This comparison is made in the following table—the quantity of nitro- 
gen in sheep’s dung and in the crops manured with it being called 
100 :-— 


Proportions of — Proportions of nitrogen added to the 
nitrogen, in crop by each manure.” 
the manure. — 


Manure applied. 
Wheat. Barley. Oats. Rye. 


Sheep’s dung. . . 106 100 100 100 100 
Horse dung . . . 102 16 73 100 66 
Pigeon’s dung . . 300 9 48 43 55 
Cowdung ... 97 6 1 66 22 


The relation which exists among the numbers in the first of the above 
columns, is totally unlike that which exists among those in any of the 
others. In none of the crops does the quantity of nitrogen in the manure 
bear a perceptible relation to that contained in the grain that was reaped. 

The theory, therefore, that the quantity of gluten in the crop is always 
determined by that in the manure, and that the amount of gluten in the 
grain we reap may at pleasure be increased by the use of manures 
which are rich in nitrogen—this theory derives in reality no solid support 
from the experiments of Hermbstadt. The theory may indeed be correct, 
but it is not sustained by any rigorous experiments hitherto made—and 
the prudent man will place little reliance upon it, until its correctness 
shall have been proved hy future and more rigorously conducted investi- 
gations. 


§ 19. Composition of peas, beans, and vetches. 


The seeds of leguminous plants in general contain a large quantity of 
a substance—very analogous to the gluten of wheat—to which the name 
of legumin has been given. 

To extract this legumin, bruised beans, peas, or vetches, are steeped 
in tepid water for some hours, then rubbed to a pulp in a mortar with 
their own weight of warm water, and, after an hour, strained through 
linen. The strained liquid deposits, at first, a quantity of starch, but is 
obtained nearly clear by filtration. To the filtered solution diluted 
acetic acid (vinegar) or sulphuric acid is added in small quantity, when 
the legumin coagulates and falls in the form of nearly insoluble flocks, 


* These columns are calculated by multiplying together the increase of crop and the in- 
crease inthe per centage of gluten and albumen. ‘Thus in the case of wheat— 


Increase of crop. Increase of gluten. Product. Proportions. 
218-7 


Sheep’sdung . .. . . 9 fold X<..24:3 percent =. 218:7.== 100 
Hore cag sakes, 2 dole one 4-9 percent. (==) 43) = 10 
Pigeon’sdung. . . . . 6fold XX oz pevcent. == 192s 
Cow dung ..... .. 4 fold > Zl percent'= l4 = \6 


22* 
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which are easily collected on a filter. The addition of an excess of acid 
will re-dissolve the coagulated legumin, which is again thrown down by 
a few drops of a solution of carbonate of soda or of ammonia; a slight 
excess of either of the latter, however, will cause the precipitate a second 
time to disappear. ‘The legumin of the pea and bean, therefore, differs 
from the gluten of wheat. in being soluble in water (Dumas), and in very 
dilute acid or alcaline solutions. 

The solution of legumin in water is coagulated when heated nearly to 
boiling, in which respect it resembles albumen (white of egg), and it is also 
coagulated by rennet, in which, and in its relations to acids and alcalies, 
it.resembles casein, the curd of milk. Legumin has, indeed, by Liebig, 
been called vegetable casein, from an impression that it is identical in 
composition and properties with the pure curd of milk. > 

The semi-transparent solution of legumin in water, obtained directly 
from beans or peas, gradually becomes opaque, and slowly deposits the 
legumin in an insoluble state. This is owing to the production of a 
small quantity of acid by the decomposition of the sugar or other sub- 
stances present in the liquid. This acid slowly coagulates the legumin 
in the same way as when dilute acids are artificially added to the solu- 
tion. It is proper to mention that other chemists consider legumin, like 
casein, [see the following lecture,} to be nearly insoluble in water, and 
that in the solutions from the bean and the pea it is rendered soluble by 
the presence of a little potash, soda, or lime—the liquid becoming turbid 
as soon as a quantity of acid is formed to combine with these alcaline 
substances. According to Dumas, pure legumin dried in vacuo at 284° 


F. consists of— 
Fibrin Albumen Glutine Casein 
Leguniin. of of of of 
Whes, Wheat. Wheat. Wheat. 


Carbon si: LA 479504 53°23 53°74 53:05 53°46 


Hydrogen .)9. 931501169 701 GU TT 713 
Nitrozen ica. 5 a lSi2 16°41 15°65 15:94 16:04 
Oxygen, sulphur, & 
phosphy,, .. . 24:5 23°35 23:50 22°84 23°37 
100 100 100 100 160 


For the purpose of comparison, I have inserted the composition, ac- 
cording to the same chemist, of the several nitrogenous compounds ex- 
isting in wheat. . 

_If these analyses be correct, legumin contains more nitrogen than the 
fibrin, the albumen, the glutine, or the casein of wheat, and is almost 
identical witk the gelatine of bones. The important consequence deduced 
from this fact, by Dumas, in reference to the feeding of animals, we shall 
consider in a subsequent lecture. 

Above, I have given the composition of legumin, the nitrogenous 
principles contained in peas and beans, as found by Dumas, from which 
it would appear to contain more nitrogen than any of the other vegetable 
principles hitherto found incultivated grains. The legumin analysed by 
Dumas was extracted from sweet almonds. 

Since the preceding sheet was prepared for press, a further analysis of 
legumin, extracted from beans, has been published by Rochleder,* which 


* Annalen der Chem. et Pharmacie, xlvi., p. 155. 
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does not agree with that of Dumas, but represents this legumin as iden- 
tical with casein, the curd of milk (see the following lecture), and as dif- 
fering in properties as well as in composition from that of the almond. 

The legumin of beans and peas is soluble in cold water, and the solu- 
tion, upon evaporation, forms a skin on the surface which is renewed as 
often asit isremoved. It isnot coagulated by boiling, but is immediately 
thrown down in fine flocks by acetic acid, which, when added in excess, 
does not redissolve it (Liebig). 

The legumin from sweet almonds is also soluble in cold water, but, 
like albumen, falls in flocks when the solution is heated nearly to boil- 
ing. It is precipitated also by diluted acetic acid, and is again dissolved 
when an excess of this acid is added (Dumas). 

The two substances, therefore, are difierent in their properties. Their 
constitution is represented respectively by— 

LEGUMIN FROM 


Beans Sweet almonds 
(Rochleder). (Dumas). 
Carbon , 5 ; 54°5 50-4 
Hydrogen . . : . 7:4 6-9 
Nitrogen. : A : 14-8 18-2 
Oxygen : : F ; 23°3 p 24°5 
100 100 


When we come to consider the feeding of animals, we shall find that 
this difference in the composition of the two varieties will materially af- 
fect the view we must take in regard to the action of each in contributing 
to the support of the various parts of the animal body. ‘ 

The approximate composition of the entire peas and beans is thus 
stated by Einhof. [Zierl Ancyclo, edie, il., p. 52]. 


Composition of the grain. Composition of the meal. 

Cl Maks: (Ee = 

Water. Husk. Meal. Starch. Legnmin. Gum,&c. 
Bens castes ci | or; Oe Cele 105 755 65:0 | 23 12 
Field Beans . . . 155 16:2 68:3 69-0 19 12 


A series of rigorous analyses of the seeds or leguminous plants 1s at 
present much to be desired. According to those of Braconnot and Einhof, 


certain species examined by them consisted of— 
Kidney Field beans, Lentils, 


Peas, beans. (Einhof.) dried” 
(Einhof.) 
BVicatert Wie Wite8l oa mol e135 23-0 156 fare 
Husk be PoE? Perey 4 cio 70 10-0 18°7 
Legumin, albumen, &ec.. 26:4 23°6 11°7 38:5 
MRCP eat. et AOD 43-0 50:1 32:8 
ace OOTY PO 02 89 31 
Guim Gel sosiers Oa eO 1D a 6:0 
hiandinthisn sleet mk? 07 2 2 
Saltsandloss . . . . 20 10 44 0-9 


100:0 100-0 100-0 100-0t 
These analyses agree in showing that the seeds of leguminous plants 


* By drying, the lentils lost 14 per cent. of water. 2 

D s Traite de Chimie, vi. p. 307, comparad with Thomson’s Vegetable Chemistry, 
p- ‘ge, Schiibler’s Agricultur Chemie, ii, p. 194, and Sprengel’s Chemie fiir Gericemirthes HC 
p. 368. ~ : 
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are especially rich in substances containing nitrogen (legumin and albu- 
meu), and are therefore fitted to contribute much tothe nourishment of 
those animals which, in consequence of the state of their growth and 
health, or the purposes for which they are reared and maintained, require 
a large supply of this important element. 


§ 20. Effect of soils and manures upon the quality of peas and beans. 

The quality of the seeds of leguminous plants is also affected by the 
mode of culture to which they are subjected, and by the kind of soil in 
which they are raised. 

1°. Effect of animal manures.—The dung “of sheep or horses has 
been found to impart a better flavour to the pea, and to render the husk 
thinner than when that of hogs or oxen has been used.” [British Hus- 
bandry, ii., p. 217.] 

2°. Effect of mineral manures.—The effect of gypsum and of other 
sulphates upon leguminous plants is universally known (p. 482.) The 
beneficial influence of a mixture of gypsum and common salt upon 
sickly crops of beans and peas is very strikingly displayed in the inter- 
esting experiments of Mr. Alexander, of Southbar, to the details of which 
5 cn already had occasion to draw yourattention. [See Appendix, p. 

Wf, 

3°. Effect of lime.—-Dr. Anderson says, “that the pea cannot be 
reared to perfection in any field which has not been either naturally or 
artificially impregnated with some calcareous matter,” but that “ a soil 
which could hardly have brought a single pea to perfection, although 
richly manured with dung, if once Kmed, will be capable of producing 
abundant crops of peas ever (?) afterwards, if duly prepared in other re- 
Spects.” [Essays, il., p. 302.] 

4°. Boiling or melting quality of peas.—But the most singular cir- 
cumstance in connection with this class of seeds, to which the agricul- 
tural chemist has hitherto been directed, is the preperty possessed by 
peas and beans of boiling soft or mouldering into a pulp more or less 
easily, according to the kind of land in which they are raised or to the 
species of manure with which they are dressed. The observations, 
however, which [ have found upon record in reference to this point are 
of a contradictory character. Thus— 

a. Sprengel says ‘that peas which are raised after liming or marling 
boil soft more easily, and are more agreeable to the taste than when raised 
after manure.” [Die Lehre vom Dinger, p. 297.] 

6. A French authority, on the other hand, quoted by Loudon, [Ency- 
clopedia of “Agriculture, p. 837,] says, that “stiff land or sandy land 
that has been limed or marled, or to which gypsum has been applied, 
produces peas that will not melt in boiling, no matter what the variety 
may be. he same effect is produced on the seeds and pods of beans 
and of all leguminous plants. T’o counteract this fault in the boiling, it 
is only necessary to throw into the water a small quantity of the com- 
mon soda of the shops.’ 

ce. The author of the British Husbandry, [ii., p.217,] says, “that 
suell marl or lime is found to forward this crop more than any other 
minefa! manure, though it is said to communicate a degree of hardness 
to the grain which renders it unfit for boiling.” 
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Independently of all applications to the soil, I believe it is generally 
observed that good boilers are produced upon light, sandy, and gravelly 
soils; while heavy, wet, undrained (and newly broken up ?) land usually 
produces bad boiling peas and beans. Thus melting peas (sidder peas, 
as they are locally called) for the Birmingham market are grown on the 
slopes of the gravelly hill of Hopwas, two miles from Tamworth, on 
the Lichfield road—the red clay lands of the vale of the Tame produc- 
ing in general pig* peas or beans only. It is on similar soils that melt- 
ing barley and mealy potatoes are produced, and the effect upon the 
three crops may probably be due to a common cause. 

At all events it is probable— 

a. ‘That the boiling quality of the pea crop is not owing to the qual- 
ity of the seed—since peas of both varieties have been raised from the 
same seed.t 

6. That it is not generally owing to the seasons, since some land pro- 
duces hard peas every year. If the wetness of the soil indeed have any 
influence, a rainy season may cause the production of bad boilers upon 
band from which soft peag are usually reaped. 

4°. Cremical difference between the two varieties of pea.—Why does 
one of these varieties of pea mie more readily than the other? For 
the same reason very nearly that one potatoe boils mealy, and another 
waxy, and that one sample of barley melts better in the mash-tub than 
another. Melting peas and barley and mealy potatoes contain a larger 
proportion of starch than samples which are possessed of an opposite 
quality. 

The pea, as we have seen, consists essentially of legumin and starch. 
The former coagulates and contracts, or runs together into a mass by 
boiling,—the latter, cn the contrary, expands, becomes more bulky, tends 
to burst the busk, and to separate into single grains. Ifthe tendency to 
contract and cohere be greater than the disposition to expand and sepa- 
rate—in other words, if the legumin predominate—the pea does not melt, 
while if the starch be abundant the pea boils well. It is possible that 
the addition of a little soda may cause hard peas to melt, since legumin 
is soluble in a solution of soda, but in waters impregnated with lime all 
peas are said to boil soft much léss readily than in such as are free from 
that ingredient. [Dumas, Traité de Chimie, vi.] 

It is only when peas and beans are raised for the food of man that the 
possession of the melting property becomes a matter of importance. It 
is rather because they are more agreeable to the palate than because they 
are ascertained to be more nutritive, that they are preferred in this state. 
When we come to consider the feeding of stack, we shall see that, ac- 
cording to the present state of our knowledge, the opinion may rea- 
sonably be entertained that insoluble peas are really better adapted for the 
feeding and fattening pigs and other stock—the purpose for which they 
are employed—than those which are possessed of the melting quality, 

It is a difference in the chemical composition of the seeds of legumi- 
nous plants that makes them melt more or less easily—but by what 


* Much used for the feeding of pigs. 
+ Some however suppose it to depend upon the age of the seed, or the time of sowing. 
—British Husbandry, ii., p. 217. 
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* 


quality in the soil or manure is this difference in composition produced ? 
In regard to lime the evidence is contradictory. Gypsum may render 
them harder. since legumin contains sulphur, anda portion of the effect 
of gypsum upon leguminous crops is supposed to arise from its yielding 
sulphur to the growing plants, and thus promoting the production of le- 
gumin. Wet and clay lands also favour the production of legumin 
more than that of starch—but in what way, we are not yet in possession 
of experimental results of sufficient accuracy to enable us to say. 


§ 21. Of the composition of potatoes, and the effect of circumstances in 
modifying their composition. 


1°. Composition of pctatoes.—Potatoes, in addition to much water, 
consist of starch, gum, woody fibre, and albumen. The proportions of 
these several constituents are very variable. Thus, according to 
Einhof and Lampadins, the following kinds of potatoe consisted in 100 
parts of— 

2°. Influence of the state of ripeness.—According to Kérte the quan- 
tity of dry solid matter contained in the potatoe depends very much upon 
the state of ripeness to which it has attained. 'The ripest leave 30 to 32 
per cent. of dry matter, the least ripe only 24 per cent. The per 
centage of starch varies from 8 to 16 percent. The mean result of his 
examination of 55 varieties of potatoe gave him for the solid matter 24-9, 
and for the starch 11:85 per cent. [Schiibler, Agricultur Chemie, ii., p. 
213. 

S Influence of variety.—Much appears also to depend upon the 
variety of potatoe. Thus the following varieties of potatoe grown at 
Barrochan in Renfrewshire, in 1842, yielded respectively— 


Connaught cups . : : : 21 percent. of starch. 
Irish blacks. : ; : : 163 om 
White dons. : 2 : : 13 me 
Red dons : : : : 103 r 


—while, according toa starch manufacturer in the neighbourhood, 114 
per cent. has been the av erage quantity obtained from the common 
rough red of good quality during the last four years. 

The difference in the quantity of starch yielded by the above-named 
varieties is the more striking when taken in connection with the weight 
of each per acre, raised from the same land, treated in the same way. 
These weights were as follows :-— 

Containing of 


Staite, Produce per acre. starch. 
Cups, with 4 cwt. of guano 133 tons 2-9 tons. 
Red Dons, with 4 cwt. of guano 1436 1 Se io 
White Dons, with 3 cwt. of guano 184" Raa 


So that, of these three crops, that of cups, which weighed the least, 
gave the largest produce of starch. It yielded nearly twice as much as 
the red dons, which were half a ton heavier, and one-fifth more than 
even the white dons, the crop of which was greater by five tons an acre. 
Such differences as these, in the relative quantities of starch, which may 
be obtained from an acre of the same land by the growth of different va- 
rieties of potatoe are deserving of the attentive consideration of the prac- 
tical man. 

See Appendir, p. 61. 
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Larger quantities of starch than any of those above stated have been 


obtained from potatoes by some experimenters. Thus from the 
Per cent. of starch. 


Kidney potatoe, Dr. Pearson obtained ; - 28 to 32 
Apple do. Sir H. Davy . . - 2 furs hich tO. ote 
Shaw do. Vauquelin oil : : - 188 
L’Orpheline do. : engl pack 

The first and last of these proportions are e probably very rare in our 
climate. 

4°. Effect of keeping.—Those potatoes are said to keep best in which 
the starch is most abundant, but in general keeping has an effect— 

a. On the proportion of starch. —By keeping till the spring, potatoes 
lose from 4 to 7 per cent. of their weight, and the quantity of starch they 
are capable of yielding suffers a considerable diminution. Thus, ac- 
cording to Payen, the same variety of potatoe yielded of starch in 


October, 17-2 per cent. January, 15:5 per cent. 

November, 16:8 ot February, 15-2 “ 

December, 15-6 se March, 15-0 oe 
April, 14:5 ob 


This diminution is probably owing to the conversion of a portion of the 
starch into sugar and gum, When potatoes are rendered unfit for food 
by being frozen and suddenly thawed, the quantity of starch which they 
are capable of yielding is said to have undergone no diminution. 

6. On the proportion of gluten.—The proportion of gluten also ap- 
pears to become less when potatoes are ache Thus, in new potatoes 
Boussingault found the gluten amount to 2} per cent., but in old potatoes 
to only u per cent. of their weight. T'o this natural diminution of the 
proportion of starch and gluten, is probably to be ascribed the smaller 
value in the feeding of stock, which experience has shown very old po- 
tatoes to possess. 

5°. Effect of soils and manures.—The potatoe thrives best on a light 
loamy soil—neither too dry, nortoomoist. The most agreeably flaveur- 
ed table potatoes are almost always produced from newly broken up 
pasture ground, not manured, or from any new soil. [Loudon’s Eney- 
clopedia of Agriculture, p. 847.} When the soil is suitable, they delight 
in much rain, and hence the large crops of potatoes obtained in Ireland, 
in Lancashire, and in the west of Scotland. No skill will Boia 
the farmer to produce crops of equal weight on the east coast where 
rains are less abundant. Jt has not been shown, however, that the weigh. 
of starch produced in the less rainy districts is defective in an equal de- 
gree. Warm climates and dry seasons, as well as dry soils, appear to 
increase the per-centage of starch. 

Potatoes are considered by the farmer to be an exhausting crop, and 
they require a plentiful supply of manure. By abundantly 1 manuring, 
however, the land in the neighbourhood of some of our large towns, 
where this crop is valuable, have been made to produce potatoes and 
corn every other year, for a very long period. 

6°. Influence of saline manures.—l\ have already drawn your attention 
to the remarkable influence of certain saline substances in promoting the 
growth of the potatoe crop in some localities. The most striking effects 
of this kind hitherto observed in our island have been produced ‘by mix- 


§22 OCCASIONAL FAILURE OF SEED POTATOES. 


tures of the nitrate of soda with the sulphate of soda or with the sulphate 
of magnesia.* The effect of such mixtures affords a beautiful illustration 
of the principle I have frequently before had occasion to press upon your 
attention—that plants require for their healthy growth a constant supply 
of a considerable number of different organic and inorganic substances, 
Thus upon a field of potatoes, the whole of which was manured alike 
with 40 cart loads of dung, the addition of— F 
a. Nitrate of soda alone gave an increase of 3} tons. 
Sulphate of soda alone gave . .. 0 * 
While one half ofeach gave . . . 52 


b. Sulphate of ammonia alone gave . . 1} * 
Sulphate of'sodal'/. MMe toe © 5 
But one half/of each gave". 4 oy ae wehoius 


ce. Nitrate of soda alone gave . . . . 3h & 


Sulphate of magnesia alone gave . . x 
And-one half of each gave . . . . 93 & 

These results are very interesting, aud when confirmed by future re- 
petitions of such experiments—and followed up by an examination of 
the quality and composition of the several samples of potatoes produced— 
cannot fail to lead to very important practical conclusions. 

7°. Occasional failure of seed potatocs.—'Vhe seeds of alt cultivated 
plants are known at times to fail, and the necessity of an oceasional 
change of seed is recognised in almost every district. In the Lowlands 
of Scotland potatoes brought from the Highlands are generally pre- 
ferred for seed, and on the banks of the Tyne Scottish potatoes bring a 
higher price for seed than those of native growth. This superior quality 
is supposed by some to arise from the less perfect ripening of the up- land 
potatoes, and in conformity with this view the extensive failures which 
have taken place during the present summer (1843) have been ascribed 
to the unusual degree of ripeness attained by the potatoes during the 
warm dry autumn of the past year. 

This may in part be a true explanation of the fact, if—as is said—the 
ripest potatoes always contain the largest proportion of starch—since 
some very interesting observations of Mr. Stirrat, of Paisley, would 
Seem to indicate that whatever increases the per-centage of starch, in- 
creases also the risk of failure in potatoes that are to be used for seed.+ 
This subject is highly deserving of further investigation. 


| 
% 
“ 


* For the particulars of these experiments see the Appendiz. 

t Linsert Mr. Stirrat’s letter upon this subject, not only because his observations are in- 
teresting in themselves, but because they are really deserving of the careful attention of 
practical men :— 

“Sra,—The following experiment with potatoes was tried with the view of discovering the 
cause of so many failures in the crops of late years, from the seed not vegetating, and rotting 
in the ground. J had an idea that the vegetative principle of the plant might become weak 
in consequence of being grown on land that had been a long time subjected to cropping, and 
not allowed any length of time to lie at rest. I, therefore, raised a few bolls on land that had 
lain lea for 70 years (being part of my bleach green), and found that these on being planted 
again the following year were remarkably strong and healthy, and not a plant gave way, and 
I have continued the same method for the last six years,and the result has, in every instance, 
been equally favourable. Four years ago, one boll of my seed potatoes was planted along 
with some others in a field of about an acre, the other seed was grown on the farm, and the 
seed all gave way excepting that got from me. They were all planted atthe same time and 
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8°. Effect of saline top-dressings on the quality of the seed.—It may 
be doubted, however, whether the relative proportions of starch are to be 
considered as the cause of the relative values of different samples of seed 
potatoes. This proportion may prove a valuable test of the probable 
success of two samples when planted, without being itself the reason of 
the greater or less amount of failures. With the increase of the starch 
itis probable that both the albumen and the saline matter of the potatoe 
will in some degree diminish, and both of these are necessary to its fruit 
fulness when used for seed. . 

The value of the saline matter is beautifully illustrated by the obser- 
vation of Mr. Fleming, that the potatoes top-dressed with sulphate and 
nitrate of soda in 1841, and used for seed in 1842, ** presented a remark- 
able contrast to the same variety of potatoe, planted alongside of them, 
but which had not been so top-dressed in the previous season. These 
last came away weak, and of a yellowish colour, and under the same 
treatment in every respect did not produce so good a crop by fifteen bolls 
(32 tons) an acre.” This observation, made in 1842, is confirmed by the 
appearance of the crops now growing (July, 1843) upon Mr. Fleming’s 
experimental fields. The prosecution of the enquiry opened up by his 
experiments promises to lead to the most valuable practical results.* They 
may teach us how to secure at all times a fruitful seed, and thus to dis- 
pense with supplies of imported produce. 


§ 22. The composition of the turnip, the carrot, the beet, and the parsnip. 


1°. Composition.—The potatoe is characterised by containing a large 
proportion of starch in connection with asmall quantity of albumen—the 
turnip and carrot by containing, in place of the starch, a variable pro- 


with the same manure. From these circumstances, I am of opinion, that if farmers were 
careful in raising theirown seed potatoes from land that has lain long ina state of rest (@)—or 
where that cannot be had, the same object can be obtained by bringing new soil to the sur- 
face by trenching as much as is necessary, or by the use of the subsoil-plough—failures of 
the potatoe crop from the seed not being good, would become much less frequent lam 
somewhat confirmed in this opinion by the fact, that it has been found for the last dozen of 

ears that generally the best seed potatoes have been got from farms in the moors or high 
ands of the country. The reason of this may be that these high lands have been but of late 
brought uoder crops of any kind, and many of them but newly brought from a state of nature, 
and the superiority of seed potatoes from these high lands may not at all arise (as is gene- 
rally supposed) from a change of soil or climate. 

* Potatoes raised on new soil, or on ground that has been long lying lea, are not so good 
for the table as the others, being mostly very soft, and, by the following experiment, it would 
appear that they contain a much less quantity of farina than those which are raised from 
land that has been some time under cro}, and, perhaps, this is the reason why they are better 
for seed. From one peck of potatoes, grown on land near Paisley, which has been almost 
constantly under crop for the last 30 years, I obtained neary 7 Ibs. of flour or starch; and 
from the other peck, grown on my bleach green, the quantity obtained was under 4 |bs., from 
which it would seem that as the vegetative principle of the plant is strengthened, the farina- 
ceous principle is weakened. and vice versa. Jas. STIRRAT.” 

Paisley, 22d November, 1842. 

(a) Mr. Finnie, of Swanstone, informs me that the growing of potatoes intended for seed upon 
new land, has long been practised by good farmers. Mr. Little, of Carlesgill, near Langholm, 
writes me that in Dumfriesshire, they obtain the best change of potatoe seed from mossy 
land—of oats and barley from the warmer and drier climate of Roxburghshire. The grains, 
he adds, degenerate by once sowing, still looking plump when dry, but having a thicker husk, 
and weighing two or three pounds less per bushel. The deterioration of seeds, in general, 
is a chemico-physiological subject of great interest anc importance, and will doubtless soon 
be taken up and investigated. 

* In the Appendiz, p, 47, the experiments are recorded, and in p. 66 I have more fully ad- 
verted to the interesting results likely to be derived trom the continuance of such experiments. 
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portion of sugar, and of a gelatinous gummy-like substance, to which 
the name of pectin has been § given. In the Swedish turnip and in beet- 
root the sugar predominates, in the white turnip and in the carrot the 
pectin is usually present in the larger quantity. 

The composition of the turnip, the carrot, and the beet varies very much, 
and is influenced by a great variety of circumstances. We are not in 
possession of any recent detailed analyses of these roots. The following 
table exhibits the component parts of several varieties, as they have been 
given chiefly by Hermbstadt, [Schiibler, Ag. Chem., ii., p. 207] In- 


Variety of Turnips. Sugar 
— —-————, Common _ beet Parsnip 
White. Swedish. Cabbage. Carrot. (Payen). (Crome), 
Water .. eri: O 80:0 78-0 80-0 850. ‘79-4 
Starch and fibre 7:2 53 6:0 90 3:0 69 
Gum (pectin 0, 25 3:0 35 1°75 2:0 61 
sugar). He nivagoat 9-0 9:0 78 10-0 55 
Albumen... 25 2-0 25 sta 2 21 
Saltst Me eer 05 O5 0-5 --- 2 2 
Loss . 0:3 0? 05 of 035 --- --- 


100 100 100 100 100 100 


These analyses are véry defective, and apply with any degree of cor- 
rectness only to the specimens actually operated upon. Any reasonings, 
therefore, which are founded upon them can only lead to probable or ap- 
- ee conclusions. 

The proportion of sugar contained in the sap of these roots is 
greatest when they are young, and diminishes as they ripen. In the 
beet, it has been observed that the nitrates of potash and ammonia are 
present in considerable quantity, and that in the old beet these nitrates 
become more abundant as the sugar diminishes. In the beet, also, when 
raised by the aid of rich manure, the production of nitrates is increased 
more than that of sugar.* The same may possibly be the case with the 
common cultivated turnips. It would not be without interest, both theo- 
retically and practically, to ascertain by experiment, the relative com- 
position of the same variety of turnip, grown on the same soil, by the 
aid of rich farm-yard manure, and by the aid of bones or of rape-dust. 
The one may produce more sugar, the other more albumen or nitrates. 
Such differences may materially affect the value of the crop, either in 
the feeding of stock or in the production of an enriching manure. It is 
in suggesting and carrying on enquiries of this kind that ‘the joint labours 
of the practical farmer and of the theoretical chemist are likely, among 
other ways, to promote the advancement of a rational and scientific agri- 
culture. 

3°. Effect of soils and manures.—These roots delight in a rich, open, 
and loamy soil—and the weight of produce varies much with the kind 
of manure that may have been applied to them. [See, for many in- 
structive illustrations of this fact, the experiments upon turnips, detailed 
in the Appendix, pp. 43 el seqg.; No experiments, however, have yet 
been made to determine the relative proportions of water and of their 
other constituents which the same turnips contain, when raised by the 


* According to Payen, the beet, when raised with street manure, contains 20 times as 
much salfpeire as when raised in the ordinary manner. 
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aid of different manures, nor, consequently, the trne effect of these 
manures upon the relative values of the several crops. 

4°. Quantity of water in different varieties of turnip.—The same re- 
mark may be made in regard to the several varieties of turnip. All 
those examined by Hermbstadt, as appears from the above tables, con- 
tained 20 to 22 per cent. of solid matter (78 to 80 cf water), while other 
experimenters have found as little as from 8 to 15 of solid matter in tur- 
nips, and generally less in the white and large globe turnip than in the 
yellow and more solid Swede. 

Thus, four varieties of the above roots contain of water and solid mat- 
ter, according to three different experimenters :— 


WATER PER CENT. DRY MATTER PER CENT. 

co Ee —oooo St 

Einhof. eis (a ene Hinhof. Playfair. paises 
White turnip 92 89 79 8 li 21 
Swedish do. 7i 85 80 Ie 15 20 
Cabbage do. 85 — 73 1t — 22 

whiie. 

Carrot. . 85 87 80 14 13 20 


The above differences are very great, especially when we look to the 
relative proportions of dry matter in which the nutritive power resides. 
They are of much importance, therefore, to the feeding of stock, and 
the circumstances under which they occur, are deserving of a careful in- 
vestigation. 

5°. Relative nutritive properties of the potatoe and the turnip.—The 
potatoe is usually considered more nutritive than the turnip, weight for 
weight, and no doubt it generally is so. But if we compare together the 
quantities of solid matter which the two roots may contain, we shall see 
how very far wrong our estimate may be in any special case. Thus— 

The turnip contains of solid matter from 8 to 22 per cent. 

The potatoe do. do. 24 to 32 - 
—so that, while the driest turnips may contain four times as much solid 
matter as the most watery potatoes, very dry potatoes may contain 
nearly as much as very juicy turnips. It is impossible, therefore, with- 
out an actual examination of the samples, to pronounce upon the relative 
amount of food which is likely to be contained in any equal weights of 
turnips and potatoes. The very discordant estimates which different 
feeders of stock have formed in regard to the relative value of these 
crops in the production of beef or mutton is partly owing to this cause. 
{Other causes for these discordant estimates will be stated in Lecture 
XXI.] Uniil the effects of equal weights of the diflerent kinds of food, 
estimated in the dry state, are carefully ascertained, it will be impossible 
to obtain results of a general kind or upon which any real confidence 
can be placed. 


§ 23. Of the composition of the green stems of peas, vetches, clover, spurry, 
and buck-wheat. 


The stems and leaves of plants which are given as green food to 
animals differ much in composition, according to the age they have at- 
tained, to the rapidity of their growth, to the nature of the soil, the 
season, and the mode of culture. They are generally supposed to be 
richest in nutritive matter when the plant has just come into flower. 
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The following table exhibits the approximate composition of the 
eke stems of some clovers and vetches, as they have been given by 
inhof and Crome :— 


fe a 

Benen Qaweay seater §> 82 «9 

aoe un S o as a fatal Sp) =2 af 

gi fe 82 ef .8 222 eB =s 3s 

ca SO ao BS "PO “EES gg Waarmow 

S ch les eit Me Ot, Cis) eh 
Water. ; . 800 760 800 75:0 77:0 825 775 795 86:0 
Starch. . AO) UA NO) Bis teil, sAedl) soi Gannon Laem 
Woody fibre . elOStis 9 Ub 214-3 12-0 10:0) 1045 sti ac 
Sugar. : . £55 21 150 03 (= — =. — —_ 
Albumen : oop 090.20 trea) 1:9 a. 2:3. 072; 1 Oe Os” as 
Extractive matter and , 

cum. : 06S 3. 34, 44 bos O:6M" 7 bee soos? 

Phosphate oflime . 019 10 08 O8 08 4 - —- — 
Wax and Resin yer Ol. 0:2 .6,10:6 q 2 2 09> 1:0 


eee 


100 100 99:9 100 996100 100 100 100 


§ 24. Of the composition of the grasses when made into hay. 


1°. An elaborate examination of the grasses of this country, in the 
dry state, with the view of determining their relative nutritive proper- 
ties, was made by the late Mr. Sinclair, gardener to the Duke of Bed- 
ford. His method was to boil in water equal weights of each species of 
hay tillsevery thing soluble was taken up, and to evaporate the solution 
to dryness. The weights of the dry matter thus obtained he considered 
to represent the nutritive values of the grasses from which the several 
samples of hay were made. 

The results of Mr. Sinclair, however, have lost much of their value, 
since it has been satisfactorily ascertained— 

a. That the proportion of soluble matter yielded by any species of 
grass, when made into hay, varies not only with the age of the grass, 
when cut, but with the soil, the climate, the season, the rapidity of 
growth, the variety of seed sown, and with many other circumstances 
which are susceptible of constant variation. 

6. That animals have the power of digesting a greater or less propor- 
tion of that part of their food which is insoluble in water. Even the 
woody fibre of the hay is not entirely useless as an article of nourish- 
ment—experiment having shown that the manure often contains less 
of this insoluble matter than was present in the food consumed.* (Spren- 
gel.) 

c. That some of the substances which are of the greatest importance 
in the nutrition of animals—such as vegetable fibrin, albumen, casein, 
and legumin—are either wholly insoluble in water or are more or less 
perfectly coagulated and rendered insoluble by boiling with water. Mr. 
Sinclair, therefore, must have left behind, among the insoluble parts of 

* This will not appear surprising when it is recollected that, by prolonged digestion in 
diluted sulphuric acid, insoluble woody fibre may be slowly changed into soluble gum or 
sugar (see p. 112). The proportion of the woody fibre which will be thus worked up in the 
stomach i animal will depend, among other circumstances, upon the constitution of the 


animal itself, upon the abundance of food supplicd to it, ana upon the more or less perfect 
mastication to which the food is subjected. 
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his hay, the greater proportion of these important substances. Hence, 
the nature and weight of the dry extracts he obtained could not fairly re- 
present either the kind or quantity of the nutritive matters which the 
hay was likely to yield when introduced into the stomach of an animal. 
For these reasons I do not think it necessary to dwell upon the results 
of his experiments.* 
2°. Woody fibre in the grasses.—In the stems of the grasses (in hay 
and straw), woody fibre is the predominating ingredient. They are not 
destitute of starch, gum, and sugar, but they are distinguished from all 
the other usual forms of animal food, by the large quantity of woody 
fibre, and of saline or earthy matter which they contain. The propor- 
tion of woody fibre in the more common grasses, in their usual state of 
dryness when made into hay and straw, is thus given by Sprengel (see 
p- 106) :— 
Per cent. Per cent. 
Wheat'straw, ripe . . . . 52|Peastraw,ripe . ... . 30 
Barley straw, do. . .°.: . 50} Bean straw,.do... . . . +. dk 
Sererew, a0: . le SY WetCn NAY, GO. we ws ae 
Remeitaw. G0. ). + « s.«. 404 ged Clover, do. t . » ‘ «| 20 
BHAA COT, dO. fe: . i) oman Shh EVESEASS, Qn hal). 09. « Bo 


The proportions of woody fibre here given, however, can be considered 
only as approximations. ‘The riper the straw or grass, the less soluble 
matter does it contain, and every farmer knows how much soil, season, 
and manure, affect the quality of his artificial grasses. One field will 
grow a hard wiry rye-grass, while another will produce a soft and flexi- 
ble plant, and a highly nutritious hay. 

3°. Gluten inthe grasses.—Boussingault, who considers the relative 
nutritive value of the vegetable substances employed for fodder to be in- 
dicated by the proportions of nitrogen they severally contain, has arranged 
grass and clover hays and the straws of the corn plants, in their usual 
state of dryress, in the following order :— 

Or gluten, Equal effects 


Nitrogen &e., should be 
per cent. per cent. produced by 
Hay from mixed grasses wipe at } 100 lbs. 
Do. aftermath . 5 : 1-54 9:3 (ee 
Do. from clover in flower 15 93 oak 
Pea straw . ‘ , ‘ 1:95 12:3 644 “ 
Lentil straw ‘ ; 4 1-01 “4 114 “ 
Indian corn straw é : 0:54 a4 240 * 
Wheat straw. : ‘ — —_— 55. ol 
Barley straw. cai es — _— 520°“ 
Oat straw . : 2 F — — 550 ** 


We shall have occasion to compare the above theoretical values 
(equivalents) assigned to the several kinds of fodder, with the results of 


* They will be foun! at length in the Appendix to Davy’s Agricultural Chemistry, or in a 
tabulated form in Schiibler’s Agricultur Chemie, ii., p. 208 


+ It is usually supposed that the aftermath is not so valuable as the first produce. Schwertz, 
however, considers it more nourishing by one-tenth part. 


t “The value of all straw for fodder must depend on the mode in which it is harvested. 
In Scotland, the order in which the farmer places his straw for fodder is—lst, pea; 2nd, 
bean ; 3d, oat; 4th, wheat; 5th, barley. While in England, where the bean is quite withered 
before it is cut, it stands last in the scale.””—Mr. Hyett, Royal Agricultural Journal, iv., p. 148. 
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practical experience, when we come to direct our attention more parti- 
cularly to the feeding of stock. 

4°, Fatty matter in the grasses.—Besides woody fibre, starch, gum, 
and gluten, dry hay and straw contain also a variable proportion of fatty 
matter. According to Liebig, it does not exceed 1:56 per cent. in hay, 
while, according to Dumas and Boussingault, as much as 3, 4, or even 5 
per cent. of fat can be extracted from it. To this fact we shall also re 
turn when considering the methods of fattening stock. 

5°. Inorganic matter in the grasses——The proportion of saline and 
earthy matter contained in the grasses is an important feature in their 
composition. This, as I have already said, is much larger than in any 
of the other kinds of food usually given to animals, being seldom less 
than 5, and occasionally amounting to as much as 10 per cent. of their 
weight when in the state of hay or straw. A large proportion of the ash 
left by the stems of the corn plants, and by many grasses, consists of 
silica. The straw of the bean, pea, and vetch, and the different kinds 
of clover hay, contain little silica, its place in these plants being supplied 
by a large quantity of lime and magnesia. 


§ 25. Of hemp, line, rape, and other oil-bearing seeds. 

The oily seeds are important to the agriculturist from their long ac- 
knowledged value in the feeding and fattening of cattle. Lintseed is ex- 
jtensively used for the latter purpose, both in its entire state and in the 
’ form of cake—when the greater part of the oil has already been expressed 
from it. All these seeds, however, are not equally palatable to cattle. 
Some varieties they even refuse to eat. Among these is the rape-seed, 
from which so much oil is expressed, and the cake left by whici is now 
so extensively employed as a manure. 

These seeds are distinguished from those of the corn plants, by con- 
taining, instead of starch or sugar, a predominating proportion of oil; and 
instead of their gluten a substance soluble in water, which possesses many 
of the properties of the curd of cheese (casein). 

We are in possession of a somewhat imperfect analysis of hemp seed 
and of the seed of the common lint, according to which the varieties ex- 
amined consisted in 100 parts of— 


Hemp seed Lime secd 

(Bacholz). (Leo Meier) 
OChilifya! ater viewie Stas eonelOlL Ls 
ISI) (sees a + anne 44-4 


Woody fibreand starch. . 5 
SugarinGQiGemes eveilan egies dt 
Gime Geel « 9s oe SS 9 
Soluble albumen (Casein?) . 24: 
Tnsolible: .:dOs vatvicil “sn os = 
Niierxecnd ESM oye cp bued | xc 1 
ent) Jopriyo gh ¢arl w bog: 
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100 100 
These analyses show that, besides the oil, these seeds contain consi- 
derable proportions of gum and sugar and a large quantity of a substance 
here called soluble albumen, of which nitrogen is a constituent part, but 
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which differs in its properties from the gluten and albumen of the seeds 
of the corn-bearing plants, and has much resemblance to the curd of 
milk. Besides their futtening properties, therefore—which these seeds 
probably owe in a great measure to the oil they contain—this peculiar 
albuminous matter ought to render them very nourishing also ;—capable 
of promoting the growth of the growing, and of sustaining the strength 
of the matured, animal. 

The quantity of oil contained in different seeds of this class, and even 
in the same species of seed when raised in different circumstances, is 
very variable. These facts will appear from the following table, which 
represents the proportions of oil that have been found in 100 lbs. of some 
of the more common seeds :— 


Oil per cent. Oil per cent. 
Line seed . . ... ..-11 to 22| Sun-flower seed . . . 15 
Hemp seed. . . . . 14to25] Walnutkernels . . . 40 to 70 
Rapeseed ... . . - 40to70{ Hazel-nut do. . . . 60 


Poppy seed . . . .« 36to53{ Beech-nut do. . . . 15 to17 
White mustard do. . . 36to38}] Plum stone do. . . . 33 

Black vidos ido. ome LoS Sweet almond do. . . 40 to 54 
Swedish turnip do. . . 34 Bitter do. do.2 5". 28 to146 


It seems tobe a provision of nature, that the seeds of nearly all plants 
should contain a greater or less proportion of oil, which is lodged tor the 
most part in, or immediately beneath, the husk, and, among other pur- 
poses, may be intended to aid in preserving the seed. We shall here- 
after see that this oily constituent is of much importance also to the prac- 
tical agriculturist. 


§ 26. General differences in composition among the different kinds of 
vegetable food. 


It may be useful shortly to recapitulate the leading differences in 
chemical constitution which exist among the different kinds of vegetable 
food to which I have directed your attention in the present lecture. 

We have seen that each of the varieties of food contains a greater or 
less proportion of three different classes of chemical substances—an 
organic substance containing nitrogen, an organic substance containing 
no nitrogen, and an in-organic substance. But it is interesting to mark 
how in each class of those vegetable products which we gather from the 
earth for our sustenance, the organic substances vary either in composition 
or in chemical characters, while the inorganic matter alters also either in 
kind or quantity. Thus— 

1°. In the seeds of the corn plants—wheat, oats, &c.—the predomi- 
nating ingredient is starch, in connection with a considerable proportion 
of gluten, and a small quantity of saline matter consisting chiefly of the 
phosphates of potash and of magnesia, and in the case of barley of a 
considerable proportion of lime. 

2°. In the seeds of leguminous plants—the pea, the bean, the vetch, 
&c.—starch is still the predominating ingredient, but it is connected with 
a large quantity of /egumin, and with a greater proportion of inorganic 
matter—in which phosphate of lime also is more abundant. 

3°. In the oil-bearing secds—those of hemp, lint, &c.—oil is often the 
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predominating ingredient, and it is connected with a large proportion of a 
nitrogenous substance, resembling the curd of milk (casein), and with a 
quantity of ash about equal to that in the pea, but in which the phos- 
phate of lime is said to be still more abundant. 

4°. In the potatoe—starch is the greatly predominating ingredient, but 
itis united with albumen nearly in the same proportion as it is with 
gluten in wheat. The inorganic matter is nearly in the same proportion 
to the dry organic matter, as in the pea and the bean, but is much 
more rich in potash and soda. Still it is more rich in the earthy phos- 
phates than the ash left by wheat and oats, and is inferior in this respect 
only to that of barley. 

5°. In the turnip—sugar and pectin take the place of the starch, and 
these are associated with albumen, and with a proportion of inorganic 
matter about equal to that of the potatoe, abonnding like it in potash and 
soda, but more rich in the phosphates of lime and of magnesia. 

6°. In the stems of the grasses and clovers—woody fibre becomes the 
predominating ingredient, associated apparently with albumen, and with 
a larger proportion of inorganic matter than in any of the other crops. 
In the straws and in some of the grasses which are cut for hay, silica 
forms a large portion of this inorganic matter. In the clovers, lime and 
magnesia take its place. 

The natural differences above described not only exercise an important 
influence upon the mode of culture by which the different crops may be 
most successfully and most abundantly raised, but also upon the way 
in which they can be most skilfully and economically employed in the 
feeding of stock. ‘To this latter point we shall return hereafter. 


§ 27. Average composition and produce of nutrilive matter per acre, by 
each of the usually cultivated crops. 


1°. Average composition.—The relative proportions of the several most 
important constituents contained in our cultivated crops vary, as we have 
seen, with a great number of circumstances. The following table exhi- 
bits the average composition of 100 parts of the more common grains, 
roots, and grasses, as nearly as the present state of our knowledge upon 
the subject enables us to represent it. (See table at top of next page.) 

In drawing up this table, I have adopted the proportions of gluten, for 
the most part, from Boussingault. Some of them, however, appear to 
be very doubtful. The proportions of fatty matter are also very uncer- 
tain. With a few exceptions, those above given have been taken from 
Sprengel, and they are, in general, stated considerably too low. 

It is an interesting fact, that the proportion of fatty matter in and im- 
mediately under the husk of the grains of corn, is generally much greater 
than in the substance of the corn itself. Thus I have found the pollard 
of wheat to yield more than twice as much oil as the fine flour obtained 
from the same sample of grain ;* and Dumas states that the husk of oats 
sometimes yields as much as 5 or 6 per cent. of oil. We shall perceive 
the practical value of this fact when we come to consider the use of bran 
and pollard in the fattening of pigs and other kinds of stock. 


* Thus the four portions separated by the miller from a superior sample of wheat grown 
in the neighbourhood of Durham, gave of oil respectively :—fine flour, 1:5 per cent. ; pollard, 
2:4; boxings, 36; and bran, 3°3 per cent. 


AVERAGE COMPOSITION 


Rye goae- - 
Indian corn . 
Buckwheat 
Beans . 
Peas 


Potatoes . 
Turnips 
Carrots 


Meadow hay 
Clover hay 
Pea straw 
Oat do. . 
Wheat do. 
Barley do. 
Rye do. 


Indian corn do. . 


Husk or 

Water. woody 
re. 
16 15 
15 15 
16 20 
12 10 

14 152 

162 25 2 
16 10 
13 8 

75 2 5% 
85 3 
85 3 
14 30 
14 25 
10tol5 25 
12 45 
12to15 50 
0. 50 
do. 45 
12 25 


OF THE DIFFERENT CROPS. 


Starch, Gluten, al- 
gum,and  bumen, le- 
sugar. gumin,&c. 
55 10to15 
60 122 
50 14-52 
60 14-5 
50 12-0 
50 14:5 
4) 28-0 
50 24-0 
122 2:25 
10 1:2 
10 2:0 
40 71 
40 93 
45 12:3 
35 13 
30 13 
30 tsa 
38 13 
52 30 


Fatty Saline 
matter. matter. 
2to4s 2:0 
25 I 2-0 
56J 3-5 
3:0 10 
5 to9D 15 
0-42 U5 
2+ 3-0 
2°82 2°8 
0:3 0:8 tol 
2 0:8 tol 
0-4 10 
2to5D 5 to 10 
30 9 
1-5 5 
08 6 
0-5 5 
08 5 
05 3 
Nop 4 


2°. Gross produce per acre.—The gross produce, per acre, of the dif- 
ferent crops varies as we have already seen (p. 437) in different districts 


of the country. 


The weight of each crop in pounds, however, will, in 


general, approach to one or other of the quantities represented by the num- 
bers in the following table :— 


Wheat 


Barley 


Oats . 


Rye 


Indian corn. 
Buckwheat . 


Beans 


Peas 


Potatoes . 


Turnips . 


Produce 
per acre. 


25 bush. 


fe ye) oO 
- so 
40 

40 

50 
“ree 
ees a0 
$ >. 30 
si. 30 
. 25 
30 

25 


“és 


Weight of produce. 


6 tons. 
12 tons. 

- 20 tons. 
30 tons. 


23 


Weight 
per bushel. 
60 lbs. 


53 lbs. 


42 lbs. 


54 Ibs. 
60 lbs. 
46 lbs. 
64 lbs. 


66 lbs. 


Carrots 
Meadow hay 
Clover hay 


Total weight 


in pounds. 
1500 
1800 
1855 
2120 
1680 
2100 
1350 
1620 
1800 
1320 
1600 
1920 
1650 


Weight of produce, 


. 25 tons. 
. 1} tons. 
2 tons. 


532 


Wheat straw 


Barley straw 


Oat straw 


PRODUCE PER ACRE. 


Weight of produce. 


- 3000 Ibs. 


3600 
« 2100 
2500 
. 2700 
3500 


oe 


6 


Rye straw 


Bean straw 


Pea straw 


Weight of produce. 
4000 lbs. 
4800 * 
2700 “7 
3200 * 
2700 ‘7 


3°. Average produce of nutritive matter per acre.—In the gross pro- 
duce above given, there are contained, according to the first table, the fol- 
lowing average proportions of nutritive matter of various kinds :-— 


AVERAGE PRODUCE OF 


NUTRITIVE MATTER OF DIFFERENT KINDS FROM 


AN ACRE OF ‘THE USUALLY CULTIVATED CROPS. 


Husk, or 
Gross produce. woody 


Rye... 2 


Indian corn 30 
Buck wheat 30 


Beans .. 25 
— .. 30 
Peas snes 20 
tons. 
Potatoes. 6 
—  .. 12 
Turnips. . 20 
— .. 30 
Carrots . 2% 
Meadow hay 
Clover hay 
Pea straw . 


Wheat straw 


Oat straw . 


Barley straw 


Rye straw . 


ere te lel al li tr deasee 


fibre. 


270 
320 
160 
190 
130 


675 


2 


1250 


1350 
2010 
1680 
1020 
1120 

675 
1500 
1800 
1210 
2570 
1050 
1250 
1800 
2200 


Starch, 
sugar, &c. 


Gluten, 
&c. 


lbs. 
150 to 220 
180 to 260 
216 
252 
2302 
290 3 


Oil or fat. Saline 


matter, 

Ibs. lbs. 
30 to 60 30 
36 to 72 36 

45+ 36, 
Oe 42 
95 60 
118 75 
40 13 
48 16 
90to170 27 
or 2) 
32+ 48 
36 + 57 
45 45 
45 120 
90 240 
? 400 
2 600 
200 560 
70 to 170 220 
135 to 225 400 
40 135 
15 150 
18 180 
20 135 
28 175 
16 105 
20 125 
20 120 
2% 144 


The most uncertain column in this table is that which represents the 
quantity of oil or fat contained in the several kinds of produce. The 
importance ot the whole table to the practical man will appear more 
clearly when we come to treat of the feeding of stock. 


LECTURE XxX. 


Of milk and its products.—Properties and composition of the milk of different animals.— 
Circumstances which affect the quality and quantity of milk—species, size, variety, age, 
health, and constitution of the animal, time of milking, kind of food, &c.—Mode of sepa- 
rating and estimating the several constituents of milk.—Sugar of milk, and acid of milk 
(Lactic acid), their composition and properties.—Souring of milk, cause of—Cream— 
composition and variable proportions of—mode of estimating i!s quantity—the gulaciome- 
ter.—Churning of milk and cream.—Composition of butter.—Buller-milk.—The solid and 
liquid fats contained in butter—meargarin and butter-oi!—their separation and properties.— 
Rancidity and preservation of butter.—Composition and properties of the curd (casein).— 
Curdling of milk, natural and artificial—by acids and by apimal membranes.—Making and 
action of rennet—how explained.—Manufaciure of cheese.—Varieties of cheese.—Aver- 
age produce of butter and cheese.—Colouring of butter and cheese.—The whey.—Saline 
matter in the whey.—Nature of the saline constituents of milkk.—Fermentation of milk.— 
Intoxicating liquor from milk.—Milk vinegar.—Purposes served by milk in the economy 
of nature. 


Or the indirect products of agriculture, milk, and the butter and 
cheese manufactured from it, are among the most important. In our 
large towns these substances may almost be considered as necessaries of 
life, and many extensive agricultural districts are entirely devoted to the 
production of them. The branch of dairy husbandry also presents many 
curious and interesting questions to the scientific enquirer, and upon 
these questions modern chemistry has thrown much light. 'To the con- 
sideration of this subject, therefore, it is my intention to devote the pre- 
sent lecture. 


§1. Of the properties and composition of milk. 


1°. Properties of miik.—The milk of most animals 1s a white opaque 
liquid, having a slight but peculiar odour—which becomes more distinct 
when the milk is warmed—and an agreeable sweetish taste. It is 
heavier than water—usually in the proportion of about 103 to 100.* 
When newly taken from the animal, cow’s. milk is almost always 
slightly alcaline. It speedily loses this character, however, when ex- 
posed to the air, and hence even new milk often exhibits a slight degree 
of acidity.+ When left at rest for a number of hours, it separates into 
two portions, throwing up the lighter part to the surface in the form of 
cream. If the whole milk, or the cream alone, be agitated in a proper 
vessel (a churn), the temperature of the liquid undergoes a slight increase, 
it becomes distinctly sour, and the fatty matter separates in the form of 
butter. If a little acid, such as vinegaf® or diluted muriatic acid, be add- 
ed to milk warmed to about 100° F., it immediately coagulates and se- 
parates into a solid and a liquid part—the curd and the whey. The 
same effect is produced by the addition of rennet or of sour milk—and 
it takes place naturally when milk is left to itself until it becomes sour. 
At a very low temperature, or when kept in a cool place, milk remains 
sweet for a considerable time. At the temperature of 60° F. it soon 
ain” it has a specific gravity of 1020 in woman’s milk, to 1041 in sheep’s milk; water being 


tlt is said that if the animal remain long unmilked, the milk will begin to soursin the 
udder, and that hence it is sometimes slightly acid’when fresh drawn from the cow. 
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turns or acquires a sour taste, and at 70° or 80° it sours with still greater 
rapidity. If sour milk be gently warmed it undergoes fermentation, and 
may be made to yield an intoxicating liquor. By longer exposure to the 
air it gradually begins to putrify, becomes disagreeable to the taste, 
emits an unpleasant odour, and ceases to be a wholesome article of 
food. 

The milk of each species of animal is distinguished by some charac- 
ters peculiar to itself. 

Ewe’s milk does not differ in appearance from that of the cow, but it 
is generally more dense and thicker, and gives a pale yellow butter, 
which is soft, and soon becomes rancid. ‘The curd is separated from 
this milk with greater difficulty than from that of the cow. 

Goat’s milk generally possesses a characteristic unpleasant odour and 
taste, which is said to be less marked in animals of a white colour or 
that are destitute of horns. The butter is always white and hard, and 
keeps long fresh. ‘The milk is considered to be very wholesome, and is 
often recommended to invalids. 

Ass’s milk has much resemblance to that of the woman. It yields 
little cream, and the butter is white and light, and soon becomes rancid. 
It contains much sugar, and hence soon passes to the state of fermenta- 
tion. 

2°. Composition of milk.—Milk, like the numerous vegetable products 
we have had occasion to consider, consists, besides water, of organic sub- 
stances destitute of nitrogen—sugar and butter; of an organic substance 
containing nitrogen in considerable quantity—the curd or casein ; and 
of inorganic or saline matter, partly soluble and partly insoluble in pure 
water. 

The proportions of these several constituents vary in different animals. 
This appears in the following table, which exhibits the composition of 
the milk of several animals in its ordinary state, as found by Henry and 
Chevallier :— 

Woman. Cow. Ass. Goat. Ewe. 
Casein (cheese) . . 1:52 4:48 1.82 4:08 4-50 
Batters yo; AT se! VES 3°13 O-11 3°32 4 20 
Milk sugar . . . 6:50 4°77 6:03 5°23 5:00 
Saline matter. . . 0°45 0°60 0°34 0:58 0°68 
Water . . . . . 87°98 87:02 91°65 86°80 88-62 


100 100 100 100 100 


From the numbers in the above table, it appears that the milk of the 
cow, the goat, and the ewe, contains much miore cheesy matter than that 
of the woman or the ass. It is probably this similarity of asses’ milk to 
that of the human species, together with its deficiency in butter, which, 


from the most remote times, has reconimended it to invalids, as a light 
and easily digested drink. 


ra 
§ 2. Of the circumstances by which the composition or quality of the milk 
is modified. 
_ But the composition or quality of milk varies with a great variety of 
circumstances. Let me direct your attention to a few of these. 
1°. Distance from the time of calving.—The most remarkable depar- 
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ture from the ordinary composition of milk is observed in the beistings, 
colostrum or first milk, yielded by the animal after the birth of its young. 
This milk is thicker and yellower than ordinary milk, coagulates by 
heating, and contains an unusually large quantity of casein or cheesy 
matter. ‘Thus the first milk of the cow, the ass, and the goat, consisted, 
in some specimens examined by Henry and Chevallier, of— 


Cow. Ass. Goat. 
Casein F é 15: 11:6 24°5 
Butter a ‘ 2°6 0:6 5:2 
Milk sugar ‘ —_ 4:3 3°2 
Mucus A 5 2:0 0:7 3:0 
Water a 80-3 82:8 64:1 

100 100 100 


The increase in the proportion of cheese is peculiarly great in the first 
milk of the ass and the goat. 

This state of the milk, however, does not long continue. It gradually 
assumes itsordinary qualities. After ten or twelve days from the time 
of calving, its peculiarities disappear, though in the celebrated dairy dis- 
tricts of Italy it is considered that the milk does not reach perfection until 
about eight months after calving. ([Cataneo, Jl latie e 2 suvi prodolti, p. 
27. 

A Age of the animal.—It is observed that milk of the best quality is 
given only by cows which have been already three or four times in calf. 
Such animals continue to give excellent milk till they are ten or twelve 
years of age, and have had seven or eight calves, when they are 
generally fattened for the butcher. 

3°. Climate and season of the year.—Moist and temperate climates 
are favourable to the production of milk in large quantity. In hot coun- 
tries, and in dry seasons, the quantity is less, but the average quality is 
richer. Cool weather favours the production of cheese and sugar in the 
milk, while hot weather increases the yield of butter, [Sprengel, Che- . 
mie fir Landwirthe, ii., p. 620.] 

In spring the milk is more abundant and of finer flavour. In autumn 
and winter, other things being equal, it yields less cheese, but a larger 
return of butter.* Where cattle are fed upon pasture grass only, this 
observed difference may be derived from a natural difference in the 
quality of the herbage upon which the cow is fed. 

4°. Health and general state of the animal.—It is obvious that the 
quality of the milk must be affected by almost every change in the health 
of the animal. It is sensibly less ricH in cream also, as soon as the cow 
becomes pregnant, and the same is observed to be the case when it shows 
a tendency to fatten. The poorer the apparent condition of the cow, 
good food being given, the richer in general is the milk. 

5°. Time and frequency of milking.—lf the cow be milked only once 
a day, the milk will yield a seventh part more butter than an equal 
quantity of that which is obtained by two milkings in the day. When 
the milk is drawn three times a day, it is more abundant but still less 

* British Husbandry, ii., p. 404. This opinion seems to contradict that of Sprengel in the 
preceding paragraph. Does this difference arise from the locality and other unlike cireum- 


stances in which the observations of the two writers were sevetally made—or are there no 
accurate experiments upon the subject from which a correct result can be drawn ? 
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rich. It is also universally remarked, that the morning’s milk is of bet- 
ter quality than that obtained in the evening. 

6°. Period at whichit is taken, during the milking.—The milk in the 
udder of the cow is not uniform in quality. That which is first drawn 
off is thin and poor, and gives little cream. ‘That which is last drawn— 
the stroakings, strippings, or afterings—is rich in quality, and yields 
much cream. Compared with the first milk, the same measure of the 
last will give at least eight and often sixteen times as much cream (An- 
derson). The quality of the cream also, and of the milk when skimmed, 
is much better in the later than in the earlier drawn portions of the milk. 

7°. Treatment and moral state of the animal.—A state of comparative 
repose is favourable to the performance of all the important functions in 
a healthy animal. Any thing which frets, disturbs, torments, or renders 
it uneasy, affects these functions, and, among other results, lessens the 
quantity or changes the quality of the milk. Such is observed to be the 
case when the cow has been newly deprived of her calf—when she is 
taken from her companions in the pasture field—when her usual place 
in the cow-house is changed—when she is kept long in the heuse after 
the spring has arrived—when she is hunted in the field or tormented by 
insects—or when any other circumstance occurs by which irritation or 
restlessness is caused, either of a temporary or of a permanent kind. I 
do not enquire at present into the physiological nature of the changes 
which ensue—to the dairy farmer it is of importance chiefly to be familiar 
with the facts. 

8°. Therace or breed and size of the animal.—The quality of the milk 
depends much upon the race and size of the cow. As a general 
rule, small races, or small individuals of the larger races, give the richest 
milk from the same kind of food. Thus the small Highland cow gives 
a richer milk than the Ayrshire. The small Alderneys give a richer 
cream than any other breed in common use in this country.* The small 
Kerry cow is said to equal the Alderney in this respect, while the small 
Shetlander has been found inthe north of Scotland to give frem the same 
food a more profitable return of rich milk than any of the larger races. 
All these breeds are hardy, and will pick up a subsistence from pastures 
on which other breeds would starve. 

The old Yorkshire stock, a cross between the short-horn and the 
Holderness, is preferred by the London cow-keepers as giving the largest 
quantity of milk, though poor in quality. : 

The long-horns are preferred in Cheshire and Lancashire because of 
their producing a greater quantity of cheese. The Ayrshire kyloe, en 
ordinary pasture, is said to be unrivalled for abundant produce (Ayton) 
—though the milk is not so rich as that of the small breeds. Various 
crosses have been tried in different parts of the island—and in almost 
every district it has been found that the produce of some particular stock 
is best adapted to the climate, the soil, the natural grasses, the prevailing 
husbandry, or to the kind of dairy produce which it is the interest of the 
farmer to raise in his own peculiar neighbeurhceod. 

* A very striking illustration of the difference in the quality of the milk of two breeds, in 
the same circumstances, is given by Mr Malcolm, in his Compendium of Medern Hus- 
bandry. He kept an Alderney and a Suffolk cow, the latter the best he ever saw. During 
seven years, the milk and butter being kept separate, it was found, year after year, that the 


value of the Alderney exceeded that of the Suffolk, though the latter gave more than 
double the quantity of milk at a meal.—British Husbandry, ii., p. 397. 
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In the South of Europe, the Swiss breeds are considered the best for 
dairy purposes, and of these that of the Canton of Schweitz, which, in 
size, is intermediate between the large catile of Fribourg and Berne, and 
the small breed of Hasti. ‘They have enormous udders and give much 
milk, but like that of the Suflulk cows it is less rich in butter and cheese. 

The influence of breed alone upon the quality of the milk is well il- 
lustrated by the result of a series of trials made at Bradley Hall, in 
Derbyshire. During the height of the season, and when fed upon the 
same pasture, cows of four different breeds gave per day— 

Or 1 lb. of butter wae 


Breed. Milk. Butter. yielded by 
Holderness . . 29quarts, and 383 02. 12 quarts of milk. 
Aldemey . ... 19 a aig ts 12 a 
Deven: £6 -. aly - 25 vat 93 - 
Ayrshire . . « 20 aby 34 («8 93 oe 


The Ayrshire cows gave the richest milk and a larger quantity of both 
milk and butter than the Alderneys or Devons, but the Holderness breed 
surpassed them all. It gave } 1b. more butter than the Ayrshire, and 
nearly one-half more milk. It would appear, therefore, to be admirably 
adapted to the purposes of the town dairyman, whose profit arises from 
milk and cream only. It does not appear what is the relative value of 
this breed in the production of cheese. 

9°. The kind of food.—But the kind of food has probably more in- 
fluence upon the quality of the milk than any other circumstance. it is 
familiar to every dairy farmer that the taste and colour of his milk and 
cream are affected by the plants on which his cows feed, and by the food 
he gives them in the stall. The taste of the wild onion and of the turnip, 
when eaten by the cow, are often perceptible both in the milk and in the 
butter. If madder be given to cows the milk is red, if they eat saffron 
it becomes yellow. It has also been observed from the most remote 
times, that when fed upon one pasture a cow will yield more cheese, 
upon another more butter. From this has arisen the practice more or 
less observed in all dairy districis of varying the food of the cattle—of 
giving some artificial food in addition to that obtained in the natural pas- 
tures—of leaving the animal at liberty to roam over wide pastures and 
thus to seek out for itself, as the sheep does on extensive sheep-walks, 
those diflerent kinds of herbage which are necessary to the production 
of a rich and valuable milk—or in more inclosed districts, and where 
different soils exist on the same farm, of turning them during the former 
part of the day into one field, and during the latter part into another, 

Various sets of experiments have beén made with the view of deter- 
mining the relative quantities of butter and cheese produced by the same 
animals, when fed upon different kinds of food. Much, however, re- 
mains yet to be done both by the practical dairy farmer and by the an- 
alytical chemist, before this subject can be fully cleared up. According 
to theory, as I shall more fully explain in my next lecture, the legumi- 
nous plants—clover, tares, &c., and the cultivated seeds of such plants— 
peas aad beans, ought to promote the production of cheese ; while ojl- 
cake, oats, and other kinds of food which contain much oily matter, 
ought to favour the yield of butter. The most recent experiments we 
possess; however, do not lend any decided confirmation to these theoreti- 


= 
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cal views. The most extensive series of trials lately published is that 
of Boussingault, Beas an de ues him. et de Phys., Ixxi., p. 79,] from 
which [I select the following 

FIRST SERIES MADE ON A FRENCH COW, 


Quarts Composition of the milk per cent. 
Days afer Kind of food. of 1 Stn ee 
ADEs milk. Casein. Butter. Sugar. Salts. Water. 


200 Bays: se ooeati 30 45 47 #01. 877 
207 -Durainss ae 4 51 3-0 42 50 02 87:6 
D154 Beets: is. 3 5 34 40 53 O255 1871 
229 Potatoes. . 4g 3-4 4-0 59 0:2 86°5 
302 Hay and oil- cake 2:° 34 36 60 .02 868 
SECOND SERIES MADE ON A SWISS COW. 
176 Potatoes andhay 8} 30) 24:8 eau 03 865 
182 Hay and clover Tk 40 45 40 .03 87:2 
TOS Clovers isl as 8 40 22 47 0:3 88:8 
204 Do. in flower . z 3:7 35 52 0-2 87:4 

In the first series of experiments the proportion of cleesy matter and 
of sugar was greatest when beets, potatoes, and oil-cake were given, 
while the largest proportion of butter was obtained from the use of hay 
and the least from oil-cake. 

In the second series the proportion both of cheese and of butter de- 
creased by the use of clover, while the quantity of milk was not per- 
manently increased. 

These two series of experiments may appear to be deserving of less 
reliance because they were not made on successive days, but at varying 
intervals of time. But some recent expertments, made in Lancashire 
by Dr. Playfair, are little more satisfactory. These were made upon a 
short-horned cow, which was fed one day in the field on afler-grass, and 
during the four succeeding days in the stall, upon weighed quantities of 
different kinds of food. [Memoirs of the Chemical Society, i., p. 174.} 


Composition of the mitk. 


Day’s Food. Qts. ————__—__ = 
Casein. Butter. Sugar. Salts. Water. 


Evening’s milk.. 4 5°4 3°7 3-8 0°6 86-5 
OPE SC Morning's idacscoARl is8S a iBch atte meee 
RO! 2B) BS Aras, sse}-rer0s Evening’s do.. 34 4:9 51 3°8 0:5 85-7 
. 24 lbs. Oatmeal....§ Morning’s do.. 4 5:4 3°9 4°8 0°5 85-4 
3°. 28 Ibs. Hay........ evening. 
OL Evening’s do.. 4 —_ = —_— _ — 
A Bibs. Bean Pour { Morning’s do.. 42 3°9 4°6 4°5 0-7 86°3 
4°. 24 lbs. Potatoes.... . 
Evening’s do.. 5 3°9 6°7 4°6 0°6 84-2 
14 lbs. Hay....... oF 5 = tL 7 .. 
Sins! Beanklour. teenie s do... 4 2:7 4-9 5:0 0-5 86-9 
50. 14 lbs. Hay........ Evening’s do.. 5 3:9 4°6 3°9 0°5 8771 
30 lbs. Potatoes... § Morning’s do.. 432 3°5 4°9 3°8 0°5 87°3 


In these experiments there appears an increase in the proportion of but- 
ter and sugar, and in the quantity of milk on the fourth day, when the 
potatoes, hay, and bean flour were given together. On the fifth, when 
potatoes and hay only were given, the quantity of milk went on increas- 
ing, but it was poorer in quality. Could we infer any thing , then, from 
a single day’s trial, it would be that the bean meal had aided in the pro- 
duction of butter and sugar—instead of cheese, as theory would indicate 
—while the steamed potatoes had added to the quantity of the milk. 
But no sensible results can justly be expected in regard to the influence 
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of this or that food, except by a much more prolonged series of careful 
observations. 

If we compare the quantity of albumen and casein contained in the 
food, with that yielded in the milk during the four days’ experiments of 
Dr. Playfair, we shall find no perceptible relation between the two quan- 
tities. Thus, the cow on the— 


Albumen Of Casein 
2d day eat 25 lbs., and yielded 0-93 lbs. 
a tl 5° “ 10 « 
4th sc 4 “cc 6s 0-75 *% 
5th 73 1:7 ( 0-94 * 


So that, whether, as on the third day double the quantity was eaten, or, 
as on the fifth, little more than half as much as was consumed on the 
second day, the produce of cheesy matter in the milk was sensibly the 
same, on each of the three days. 

We must not, however, from these experiments, infer that the kind of 
food really has no influence upon the quality of the milk—for this con- 
clusion is contradicted by general experience. We must wait rather for 
renewed and more extended practical researches, by which both our 
theory and practice may probably be amended, and by which the con- 
clusions may be reconciled to which they respectively lead us. [See the 
following Lecture ‘“* On the feeding of stock.’’| 

10°. State of pregnancy.—I have already stated (p. 535), that the 
richness in cream diminishes as soon as the cow becomes pregnant. The 
same is no doubt true also of the amount of cheese which the same 
volume of milk will be capable of yielding. It must become poorer in 
every respect, or else considerably less in quantity (p. 541), as soon as the 
cow is with calf, since a portion of the food which might otherwise have 
been employed in the production of milk, must now be directed to the 
nourishment of the young animal in the womb of the mother. In the 
experiments to which I have just directed your attention in regard to the 
effect of the kind of food upon the quality of the milk, the state of preg- 
nancy of the animal was not taken into consideration, though, as I have 
already said, this must necessarily exercise an important influence upon 
the quality of the inilk, whatever be the kind of food upon which the 
animal may have been fed.* To this the want of accordance between 
theory and experiment is probably in part to be ascribed. 

11°. Individual form and constitution of the animal.—But it is well 
known that animals of the same breed, fed on the same food, will yield 
milk not only in different quantities, but also of very different quality. 
In regard to the form, Mr. Youatt*states that the ‘* Milch cow should 
have a long thin head, with a brisk but placid eye,—should be thin and 
hollow in the neck, narrow in the breast and point of the shoulder, and 
altogether light in the forequarter—but wide in the loins, with little dew- 
lap, and neither too full fleshed along the chine, nor shewing in any part 
an inclination to put on much fat. The udder should especially be 
large, round, and full, with the milk veins protruding, yet thin skinned, 
but not hanging loose or tending far behind. The teats should also stand 
square, all pointing out at equal distances and of the same size, and al- 


* Both of the cows experimented upon by Boussingault were with calf, Dr, Piayfair does 
not mention whether his was So or not. 
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though neither very large nor thick towards the udder, yet long and 
tapering towards a point. A cow with a large head, a high backbone, a 
small udder and teats, and drawn up in the belly, will, beyond all doubt, 
be found a bad milker.”’ [Youatt’s Cattle, p.244, quoted in British Hus- 
bandry, ii., p. 397.] Thus, while much depends upon the breed, the 
form of the individual also has much influence upon its value as a 
milker. 

But independent of form, the quality of the milk is greatly affected by 
the individual constitution of every cow we feed. Thus ina report of 
the produce of butter yielded by each cow of a drove of 22, chiefly of the 
Ayrshire breed—all of which we may presume to have been selected 
for dairy purposes with equal regard to their forms—and which were 
all fed upon the same pastures in Lanarkshire, the yield of milk and 
butter by four of the cows in the same week is given as follows :— 


Milk. Butter. 
A yielded . . . 84 quarts, which gave . . . . 34 Ibs. 
apeand URyeach) -.. 86 11%. sc Shiro hi Rai eitemge Yorelibst 
Gyelded’. ... 88. + ‘hii dy od Sei Raia Meee 


Showing that, though the breed, the food, and the yield of milk was 
nearly the same, the cow G produced twice as much butter as the cow 
A—or its milk was twice as rich. This result would have been still 
more interesting had we known the relative quantities of grass consumed 
by these two cows respectively. 

{ will not insist upon other causes by which the quality of the milk is 
‘more or less materially affected. It is said that when stall fed the same 
al yield more butter than when pastured in the field—that the age 
lof the pasture also influences the yield of butter—and that salt mingled 
‘with the food improves both the quantity and the quality of the milk. 
There are, probably, few circumstances which are capable in any way 
of atfecting the comfort of the animal which will not also modify the 
quality of the milk it yields. 


§ 3. Of the circumstances which affect the quantity of the milk. 


The epithetsood-milxer applied to a cow has very different significa- 
tions in different districts and countries. Thus the experiments of 
Boussingault upon the effeet of different kinds of food on the quality of 
the milk (p. 538) were made upon a French cow which was considered 
a good milker, and yet when in best condition never gave more than 11 
quarts aday. ‘T'wo, or even two and a half, times that quantity is not 
considered extraordinary in the height of the season in many parts of our 
island. 

There are three circumstances which principally affect the quantity of 
milk—namely, the breed, the kind of food or pasture, and the distance 
from the time of calving. 

1°. The breed.—The smaller breeds of cattle yield, as is to be ex- 
pected, a smaller daily produce of milk—though from the same weight 
of food they occasionally give even a greater volume of milk than the 
larger breeds. 

Good ordinary cows in this country yield, on an average, from 8 to 12 


* Prize Essays of the Highland Society, New Series, ii., p. 253. 


CIRCUMSTANCES AFFECT THE QUANTITY OF MILK. 54) 


quarts a day. The county surveys state the average daily produce of 
dairy cows to be, in— 
Devonshire . . . 12qts.{ Lancashire. . . 8to9qts. 
Apieauing “Eh Oe imino SO Arurshire eed! SPRL Bites 
But the best Ayrshire kyloes will yield an average of 124 quarts daily, 
during 10 months of the year (Ayton). 
The yearly produce of the best Ayrshire ky loes is stated by Mr. 


Ayton at - : : ' : : - 4000 qts 
Of average Ayrshire stock. : - 2400 * 
Good short- horns, grazed in soainen ana fed on hay and tur- 

nips in winter (Dickson) . : . . : . - 4000 * 
Mixed breeds in Lancashire (Dickson) . . : . 3500 
Large dairy of mixed long and short-horns, at Workington 

Hall, taking an average “of 4 years (Mr. Curwen) . - 3700 


Crossed breeds in many localities are found more productive i in milk 
than pure stock of any of the native races of cattle. 

2°. Food and pasture.—In the same animal the quantity of milk ig 
known to be greatly influenced by the kind of food. This is best under- 
stood in the neighbourhood of large towns where the profit of the dairy- 
man is dependent upon the quantity* rather than upon the quality of his 
milk. Hence the value of highly succulent foods—of the grass of irri- 
gated meadows—of mashed and steamed food—of brewers’ grains—ot 
turnips, potatoes and beets—and of other similar vegetable productions 
which contain much water intimately mixed with nutritive matter, and 
thus tend both to aid in the production of milk and to increase its quan- 
tity. 

3°. Distance from the time of calving.—It is a well-known fact that 
cows in general after the first two months from the time of calving, 
though fed upon the same food in equal quantity, begin gradually to give 
less milk, till at the end of about 10 months they become altogether, or 
neatly,dry. In the best Ayrshire kyloes, the rate of this decrease is thus 
represented by Mr. Ayton :— 

First fifty days, 24 qts. per aay —or in all, 1200 qts. 


Second do. 90 6s 1000 « 
Third do. HEB Ce ae #6 700 *« 
Fourth do. Bg « ot cl 400 * 
Fifth do. ge “ ae 400 * 
Sixth do. 6G *& 6s s 300 « 


Some cows indeed do not run dry throughout the whole year, but these 
may be considered as exceptions to the general rule. By feeding them 
upon brewer’s grains, mashes, and succulent grass, the milk-sellers near 
our large towns occasionally keep the same cow in profitable milking 
condition for three years and upwards.+ Such cows are generally fat- 
tened after they have become dry—indeed as they cease to give milk, 
they generally lay on fat in its stead—and, as soon as they are consider- 
ed ripe, are sold off to the butcher. 


* It is quoted, even by foreign writers, as a fair joke against the dairy establishments of 
our large towns, that among the advantages possessed by one which was advertised for sale, 
much stress was laid upon a never-failing pump.—Seez Il latte ei suoi prodvtti, p. 67. 


t Even on shipboard I have heard of a cow being kept in milk during the whole of a three 
years’ eee food being principally a kind of pease soup. After the first year, how- 
ever, the milk is said to become thinner and more watery. 
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§ 4. Of the mode of separating and estimating the several constituents 
of milk. 

1°. If a weighed quantity of milk be allowed to stand for a sufficient 
length of time, the cream will rise to the top, and may be easily skim- 
med off. If this cream be gently heated the butter in an oily form will 
collect upon the surface, and when cold may be separated from the 
water benedth, and its weight determined, 

2°, If the skimmed milk be gently warmed, and a little vinegar or 
rennet then added to it, the curd will separate, and may be collected ina 
cloth, pressed, dried, and weighed. 

3°. If a second equal portion of the milk be weighed and then evap- 
orated to dryness by a gentle heat and again weighed, the loss will be 
the quantity of water which the milk contained. 

4°, If now the dried milk be burned in the air till all the combustible 
matter disappears, and the residue be weighed, the quantity of inorganic 
saline matter will be determined. 

5°. Supposing those processes to be performed with tolerable accuracy, 
the difference between the sum of the weight of the water, butter, curd, 
and ash, and the weight of the milk employed, will nearly represent 
that of the sugar contained in the given quantity of milk. 

For many purposes a rude examination of milk after this manner may 
be sufficient, but where any thing like an accurate analysis is required, 
more refined methods must be adopted. In such cases, the following 
appears to be the best which has hitherto been recommended. [Haid- 
len, Annal. der Chem. & Phar., xlv., p. 263.] 

a. The butter—The weighed quantity of milk is mixed with one- 
sixth of its weight of common unburnt gypsum previously reduced toa 
very fine powder. The whole is then evaporated to dryness with fre- 
quent stirring at the heat of boiling water (212° F.) A brittle mass is 
obtained, which is reduced to fine powder. By digesting this powder in 
ether, the whole of the butter is dissolved oui, and by evaporating the 
ether, may be obtained in a pure state and weighed. Or the powder 
itself, after being treated with ether, may be dried and weighed. The 
butter is then estimated by the loss. 

b. The sugar.—After the removal of the butter, alcohol is poured upon 
the powder and digested with it. This takes up the sugar with a little 
saline matter soluble in alcohol. By evaporating this solution and 
weighing the dry residue, the quantity of sugar is determined. Or, as 
before, the powder itself may be dried and weighed and the sugar esti- 
mated by the loss. If we wish to estimate the small quantity of inor- 
ganic saline matter which has been taken up along with the sugar, it 
may be done by burning the latter in the air, and weighing the residue. 

c. The saline matter.—A second weighed portion of milk is now evap- 
orated carefully to dryness and again weighed. The loss is the water. 
The dried milk is then burned in the air. The weight of the incombus- 
tible ash indicates the proportion of inorganic saline matter contained in 
the milk. 

d. The casein.—The weight of the butter, sugar, saline matter and 


water being thus known and added together, the deficiency is the weight 
of the casein. 
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§ 5. Of the sugar of milk, and of the acid of milk or lactic acid. 


Before [can hope to make you understand the nature of the changes 
which take place during the souring, the churning, and the curdling of 
milk, it will be necessary to make. you acquainted with the sugar of 
milk, and with lactic acid or the acid of milk. 

1°. Sugar of milk.—When the curd is separated from milk, the raw 
whey afterwards boiled—with or without the addition of new and butter 
milk—and the floating churd skintmed off or separated by straining 
through a cloth, the whey i is obtained nearly free from butter and cheese. 
By mixing it while hot with well beat white of egg, the remainder of the 
curd is coagulated, and may be removed by again straining through 
cloth. If the clear whey, thus obtained, be boiled down in a pan to one 
fourth of its bulk, then poured into an earthen dish, and set aside for a 
few days in a cool place, minute hard ‘white erystals gradually de- 
posit themselves upon the sides and bottom of the vessel. These crystals 
are sugar of milk. A second portion may be obtained by evaporating 
the remaining whey still further, and again setting aside. If the whey 
be at once ev aporated to dryness a white mass of i impure sugar is pre- 
pared, which in many places is used as an article of food. Of the purer 
variety large quantities are extracted from milk by the Swiss shepherds, 
and in their country it forms an important article of commerce. 

The sugar of milk is less sweet than that of the grape, or of the sugar 
cane. It is harder also, and much less soluble in water, and is gritty 
between the teeth. This sugar undergoes no change when exposed to 
the air, either in the dry state or when dissolyed in water. But if a little 
of the curd of milk (casein) be introduced into the solution it gradually be- 
comes sour, lactic acid is formed, and the liquid begins to ferment. Car- 
bonic acid is given off—as is the case during the fermentation of other 
liquids—and ‘alcohol. is produced. In milk the two substances are na- 
turally intermixed, and it is the presence of the cheesy matter, as we 
shall hereafter see, which at favourable temperatures always causes milk 
of every kind first to become sour and then to ferment. 

The gluten of wheat and animal membranes of various kinds produce 
a similar effect upon solutions of sugar of milk. A piece of bladder, or 
of the gut or stomach of an animal, immersed into a solution of the sugar, 
changes it by degrees into lactic acid, and upon this influence depends 
the effect of the calf’s stomach, in the furm of rennet, in the curdling of 
milk. The effect of such membranes is more speedy after they have 
been some time taken from the body of the animal, a fact which also ac- 
cords with the long experience of the dairy districts in the preparation of 
rennet. 

When a little sulphuric or muriatic acid is added to a solution of milk 
sugar, it is slowly converted into grape sugar. This change is hastened 
very much by boiling it with the acid. It is supposed that previous to 
the fermentation of milk the sugar it contains undergoes a similar change 
into the sugar of grapes. 

Milk sugar has not hitherto been formed by art. It exists in the milk 
of all mammiferous animals, and from this source alone have we hith- 
erto been able to obtain it. 

The acid of milk—lactic acid.—When milk is exposed to the air 
for a length of time it acquires a sour taste, which gradually increases in 
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intensity till at length the whole begins to ferment. This sour taste is 
owing to the production of a peculiar acid, to which the name of acid 
of milk or lactic acid has been given. The same acid is formed during 
the fermentation of the juices of the beet, and of the turnip, in sour cab- 
bage (sauer kraut), and sour malt, in brewers’ grains which have become 
sour, in the sour vegetable mixtures with which cattle are often fed, in 
the waste liquor of the tanners, in the fermented extract of rice, and in 
large quantity during the fermentation of the gluten in the manufacture 
of starch from wheaten flour, or of a mixture of oat-meal or bean- 
meal with water, which is allowed to stand and become sour. 

The acid, therefore, differs from the sugar of milk ip so far that it can 
readily be formed, and in any quantity, by artificial means. As it is 
not employed for any economical purposes, I shall not trouble you with 
the methods by which this acid is obtained in a state of purity. 

Tt is rarely found in milk when first drawn from the cow, but it very 
soon begins to be formed init. It is produced from the sugar, through 
the influence of the cheesy matter of the milk. The pure acid may be 
mixed with cold milk without causing it to curdle, but if the mixture be 
heated, the curd formsand speedily separates. It is for the same reason 
that milk may be distinctly sour to the taste, and yet may not coagulate. 
But if such milk be heated it will curdle immediately. So cream when 
sour may not appear so, till it is poured into hot tea, when it will break 
and leave its cheesy matter floating on the surface. 


§ 6. Of the mutual relations which exist between lactic acid and the cane, 
grape, and milk sugars. 


It is important, and J think it will prove interesting to you, to under- 
stand the beautifully simple relation which exists between the sugar of 
milk and this lactic acid, which plays so important a part in nearly all 
your daily operations. 

Cane sugar, grape sugar, milk sugar, and lactic acid, as they exist in 
solution in water or in milk, may all be represented as compounds of car- 
bon with water—or of carbon with hydrogen and oxygen in the propor- 
tions in which they exist in water. Thus they consist respectively of— 

12 Carbon + 12 Water 

Canesugar . . . 12C + 12H + 120 or 12C + 12HO* 

12 Carbon + 14 Water 

Grapesugar . . 12C + 14H + 140 or 12C + 14HO 

: 24 Carbon + 24 Water 

Milk sugar,. . ». 24C + 24H + 240 or 24C + 24HO 

6 Carbon -++ 6 Water 
Lacticacid . .. 6C + 6H+ 60 or 6C + 6HO 

4 Carbon + 3 Water 
Acetic acid (vinegar) 4C + 3H + 30 or 4C + 3HO 


I have added acetic acid to this list, to show you that the lactic acid 
bears a similar relation to the sugars as this acid does. You will recol- 
lect that starch, gum, and woody fibre, have also a similar relation to 
the sugars—and that by certain apparently simple transformations these 


* C, H, and O, as in our former lectures, representing respectively carbon, hydrogen, and 
oxygen, and HO water—a compound of hydrogen with oxygen. 
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several substances are capable of being converted into grape sugar. In 
like manner all these sugars by a similar simple transformation are 
readily converted into oné or other of the two acids above named. Starch, 
gum, and woody fibre in favourable circumstances are transformed inte 
sugar, (see Lecture VI., p. 111)—the sugars, in favourable circum- 
stances, are further transformed into the lactic or the acetic acids. 

We have seen that animal membranes or the curd of milk have the 
property of changing these sugars into lactic acid. This they do, though 
excluded from the action of the air, and without the escape of any gas. 
The above formule show with what apparent simplicity this may be 
accomplished. 

In fact, cane sugar, milk sugar, and lactic acid, as above represented, 
consist of the same elements united together in the same proportions. It 
is easy to conceive therefore in what way the one may be transformed 
into the other. 

1°. Two of lactic acid are represented by 12C -+- 12H + 120, which 
is the formula for cane sugar. ‘Tbe transforming action of the animal 
membrane, or of the casein in its state of incipient decay, is therefore 
simply to cause the elements of the sugar to assume a new arrangement 
—in which instead of cane sugar they form a substance having the very 
different properties of lactic acid. 

2°. Again, milk sugar is represented by 24C + 24H + 240, and 4 
of lactic acid are also equal to 24C + 24H + 240; the change which 
takes place whea milk becomes sour, therefore, is easily understood 
Under the influence of the casein the elements of a portion of the milk 
sugar are made to assume a new arrangement, and the sour lactic acid 
is the result. There is no loss of matter, no new elements are called into 
play, nothing is absorbed from the air or given off into it—but a simple 
transposition of the elements of the sugar iakes place, and the new acid 
compound is produced. 

These changes appear very simple, and yet how difficult it is to con- 
ezive by what mysterious influence the mere contact of this decaying 
membrane or of the casein of the milk, can cause the elements of the 
sugar to break up their old connexion, and to arrange themselves anew 
in another preseribed order, so as to form a compound endowed with 
properties so very different as those of lactic acid. It is beautiful to see 
the simple means by which in nature so many important ends are ac- 
complished—to observe how they are all veiled to the uninstructed—and 
how every slight accession to our knowledge opens up new wonders to 
us even in those ordinary operations with which during our whole lives 
we have been most familiar, 

From these intellectual, in addition to other rewards, which constantly 
follow the study of nature, you will with me draw the conclusion— 
which is ever pressing itself upon our attention—that it is the will and 
intention of the Deity, that all his works shall be thoroughly studied and 
investigated. But you will, I think, agree with me in drawing this con- 
clusion, because of the further and higher moral effect also which such 
investigations tend to produce upon the mind. Every fresh discovery, 
as it opens up new fields of knowledge, forces upon us more distinctly the 
sense of our own ignorance, In the case before us we are delighted by 
the apparent simplicity which the several transformations of starch intc 
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sugar, and of the latter into lactic acid, may be brought about, and seem 
almost to understand how it is done, since it can be effected by a-simple 
transposition of their elements. But the after-thought occurs—by what 
kind of power is this change effected? The materials are certainly pre- 
sent, but how are they made to shift their relative positions, and move 
into their new places! We have conquered one intellectual difficulty 
only to encounter another apparently still harder to overcome. 

It was said first, I believe by Priestley, [Experiments and Obser- 
vations, ii., p. ix., edition 1781,} “that the greater the circle of light, 
the greater is the boundary of darkness by which it is confined.” Thus 
they who know the most are the most strongly impressed with the sense 
of their own want of knowledge. What a fine result this is of large 
acquirements! And how touchingly it was expressed by Sir Isaac New- 
ton, when he likened his great discoveries to the gathering of a few peb- 
bles along the sea-shore—the vast ocean of natural knowledge lying still 
unexplored before him! 


§ 7. Of the souring and preserving of milk. 

The natural souring of milk requires now little explanation. It arises 
from the gradual conversion of the sugar into the acid of milk by the 
action of the casein. There are, however, one or two circumstances con- 
nected with it to which it may be proper to advert. 

1°. If milk be kept at a low temperature, it may be preserved for se- 
veral days without becoming sensibly sour. This is effected in Switzer- 
land by immersing the milk vessels in a shallow trough of cool water, 
which, by means of a running stream, can at any time be renewed. In 
such circumstances the action of the cheesy matter in converting the 
sugar into lactic acid is very slow. 

2°. But if the milk be kept at the temperature of 65° or 70° F. it be- 
comes sour with great rapidity, and if afterwards raised to the boiling 
point curdles immediately. An easy way of preserving milk or cream 
sweet for a longer time, or of removing the sourness when it has already 
come on, is to add to it a small quantity of the coramon soda, pearl ash, 
or magnesia of the shops. Enough is added, when a little of the milk 
poured into boiling water no longer throws up any curd. As the small 
quantity of soda or magnesia thus added is not unwholesome, cream 
may in this way be ke pt sweet for a considerable time, or may have its 
sweetness restored when it has already become sour. 

3°. I have already observed to you that animal membrane, the curd of 
milk, or any of those substances which possess the power of changing sugar 
into lactic acid, loose that power if the solution in which they are present 
be raised to the boiling temperature. Hence if milk be introduced into 
bottles, be then well curked, put into a pan with cold water, and gradually 
raised to the boiling point, and after being allowed to cool be taken out 
and set away in a cool place, the milk may be preserved perfectly 
sweet for upwards of half a-year. 

1 mentioned also that if the solution containing the sugar and cheesy 
matter be again exposed to the air after boiling, it will gradually resume 
the property of transforming the sugar into lactic acid. Hence, if milk 
be boiled, it is preserved sweet for a longer period of time, but the 
casein gradually resumes its transforming property, and at the end of a 
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few days turns it sour. If, however, the milk be boiled every morning 
or every second morning, the souring property of the casein is at ever 
boiling destroyed again, and the milk may thus be kept fresh for two 
months or more. 

4°, Another mode of preserving milk is to evaporate it to dryness by 
a gentle heat, and under constant stirring. By this means a dry mass is 
obtained which may be preserved for a length of time, and which when 
dissolved in water is said to possess all the properties of the most excel- 
lent milk. It is known in Italy by the name of latteina. [Il latte e i 
suoi prodotti, p. 19.] 


§ 8. Of the separation and measurement of cream, the galactometer, the 
composition of cream, and the preparation of cream-cheese. 


© 1°. Separation of cream.—The fatty part of the milk which exists in 
the cream, and which forms the butter, is merely mixed with and held in 
suspension by the water of which the milk chiefly consists. In the 
udder of the cow it is in some measure separated from, and floats on, the 
surface of the milk, the later drawn portions being always the richest in 
cream. During the milking, the rich and poor portions are usually 
mixed intimately together again, and thus the after-separation is render- 
ed slower, more difficult, and less complete. That this is really so, is 
proved by two facts—first, that if milk be well shaken or stirred, so 
as to mix its parts intimately together before it is set aside, the cream 
will be considerably longer in nising to the surface—and second, that 
more cream is obtained by keeping the milk in separate portions as it is 
drawn, and setting these aside to throw up their cream in separate ves- 
sels, than when the whole milking is mixed together. When the collec- 
tion of cream, therefore, is the principal object, economy suggests that 
the first, second, third, and last drawn portions of the milk should be 
kept apart from each other. Even in large dairies this could easily be 
effected by having three or four pails, in one of which the first, in 
another the second milk, and so on, might be collected. 

Cream does not readily rise through any considerable depth of milk ; 
it is usual, therefore, to set it aside in broad shallow vessels in which the 
milk stands at a depth of not more than two or three inches. By this 
means the cream can be more effectually separated within a given time. 

But the temperature of the surrounding air materially affects the 
quantity of cream which milk will yield, or the rapidity with which it 
rises to the surface and can be separated. Thus it is said that from the 
same milk an equal quantity of cream may be extracted in a much 
shorter time during warm than during cold weather—that, for example, 
milk may be perfectly creamed in— 

36 hours, when the temperature of the air is 50° F. 


94 sé sé 7 be 55° F. 
18 to 20 hours * te ae 68° F. 
10 to 12 ee ~ “ Po) ot, 


—while, at a temperature of 34° to 37° F., milk may be kept for three 
weeks, without throwing up any notable quantity of cream (Sprengel). 
The reason of thisis that the fatty matter of the milk becomes partially 
solidified in cold weather, and is thus unable to rise to the surface of the 
milk soreadily as it does when in a warm and perfectly fluid state. 
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The above remarks apply to milk of ordinary quality and consistency. 
In very thin or poor milk, in which little cheesy matter is contained, the 
cream will rise more quickly. 

2°. Measurement of cream—the galactometer.—The richness of milk 
is very generally estimated by the bulk of cream which rises to its 
surface in a given time. For the purpose of testing this richness, a 
simple instrument, dignified by the learned name of a galactomeler 
(milk-gauge), has been recommended and may often be useful. It con- 
sists of a narrow cylindrical vessel or long tube of glass, divided or gra- 
duated into 100 equal parts. This vessel is filled up to 100 with the 
milk to be tested, and at the end of 24 or 36 hours, the quantity of cream 
which has risen is estimated by the number of degrees of space which it 
occupies at the top of the milk. If it cover 3 degrees the milk yields 
3 per cent., if 7 degrees 7 per cent. of cream. This instrument, how- 
ever, will give a result which will be generally less than the truth, be- 
cause the cream will always rise slowly through 5 or 6 inches of milk— 
the smallest length which the instrument can conveniently be—and most 
slowly in the richest and thickest milk. Unless considerable care be 
taken, therefore, this milk-gauge may easily lead to erroneous con- 
clusions in regard to the relative degrees of richness of different samples 
of milk. 

3°. Composition of cream.—Cream does not consist wholly of fatty 
matter (butter), but the globules of fat as they rise bring up with them a 
variable proportion of the casein or curd of the milk, and also some of the 
milk sugar. [It is owing to the presence of sugar that cream is capable 
of becoming sour, while the casein gives it the property of curdling when 
mixed with acid liquids or with acid fruits. 

The proportion of cheesy matter present in cream depends upon the 
richness of the milk and upon the temperature at which the milk is kept 
during the rising of the cream. In cool weather the fatty matter will 
bring up with it a larger quantity of the curd, and form a thicker cream, 
containing a greater proportion of cheesy matter. The composition of 
cream, therefore, is very variable—much more so than that of milk— 
and depends very much upon the mode in which it is collected. 

A specimen of cream, examined by Berzelius, which had a density 
(specific gravity) of 1-0244, consisted of— 

Butter, separated by agitation . . . . . . « 45 per cent. 

Cheesy matter, separated by coagulating the butter- 

mois th hiipeck) sek .bwaroree ci mater oniseo bs 
WY he yak byssnerstne. ont Varin cosvirter te eainncetes denngee 92800 i 
100 

Some of the butter remained, as is usually the case, in the butter- 
milk, and added a little to the weight of the curd which was afterwards 
separated, but the result of this analysis is sufficient to show that cream 
in general contains a very considerable proportion of cheesy matter— 
sometimes almost as much cheese as butter.* 


* The clouted cream of Devonshire and other Western counties, as well as the butter pre- 
pared from it, probably contains an unusually large quantity of cheese. Itis prepared by 
straining the warm milk into large shallow pans into which a litUe water has previously been 

ut, allowing these to stand from 6 to 12 hours, and then carefully heating them over a slow 

e, or on a hot plate, till the milk approaches the boiling point. The milk, however, must 
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I would remark, however, that this cream examined by Berzelius 
must have been of an exceedingly poor quality—little richer, indeed, 
than common milk, since 100 lbs. of it would only have yielded 45 lbs. 
of butter. Cream of good quality in this country, when skilfully 
churned, will yield about one-fourth of its weight of butter, or one wine 
gallon of cream, weighing 8} lbs., will give nearly 2 lbs of butter.* 

4°. Cream-cheese.—You will now readily understand the nature of 
what is called cream-cheese—how it differs from ordinary cheese and 
from butter, and why it so soon becomes first sour, and then rancid. 

In preparing this cheese the cream in this country is generally, I be- 
lieve, either tied up in a cioth or put into a shallow cheese vat, and al- 
lowed to curdle and drain without any addition. The cheesy matter and 
butter remain thus intimately intermixed, and it is more or less rich, ac- 
cording as the proportion of butter to the cheesy matier in the cream is 
greater or less. This cheese becomes svon rancid and unpleasant to the 
taste, because the moist curd, after a certain length of exposure to the 
air, not only decomposes and becomes unpleasant of itself, but acquires 
the property of changing the butter also and of imparting to it a dis- 
agreeable taste and smell. 

In Italy, cream-cheeses, called mascarponi, are made by heating the 
cream nearly to boiling, and adding a little sour whey as the oily matter 
begins to separate. The whole then coagulates, and the curd is taken 
out and set to drain in shapes. As the sour whey is apt to give this 
cheese an unpleasant flavour or a yellow colour, it is said to be better to 
take 20 grains of Tartaric acid for each quart of cream, to dissolve it in 
a little water, and to add this, instead of the sour whey, to the hot cream. 
The acid runs ofl in the whey of the cream, and the cheese is colour- 
less and free from foreign flavour. The mascarponi, like the English 
cream-cheeses, are covered with leaves or straw, are littled pressed or 
handled, and must be eaten fresh. 


§ 9. Of the separation of butter by churning or otherwise. 


Milk is a kind of natural emulsion in which the fatty matter exists in 
the state of very minute globules, suspended in a solution of casein and 
sugar. Cream is asimilar emulsion, differing from milk chiefly in con- 
taining a greater number of oily globules and a much smaller proportion 
of water. In milk and cream these globules appear to be surrounded 
with a thin white shell or covering, probably of casein, by which they 
are prevented from running into one another, and collecting into larger 
oily drops. 

But when cream is heated for a length of time, these globules, by their 
lightness, rise to the surface, press nearer to each other, break through 


not actnally boil, nor must the skin of the cream be broken. The dishes are now removed 
into the dairy, and allowed to cool. In summer the cream should be churued on the fol- 
lowing day—iu winter it may stand over two days. The quantity of cream obtained is said 
to be one-fourth greater by this method, and the milk which is left is proportionably poor, 
When milk on which no cream floats is heated nearly to boiling in the air, a pellicle of 
cheesy matter forms on its surface. Such a pellicle may form in a less degree in the scald- 
ding process of Devonshire, and may thus increase the bulk of the cream. The Corstor- 
phine cream of Mid-Lothian resembles the clouted cream very much, and is made in a very 
similar way. 

* A series of analyses of cream, collected under different circumstances, might throw some 
useful light upon the manufacture and preservation of butter. 
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their coverings, and unite into a film of melted fat. In like manner, 
when milk and cream are strongly agitated by any mechanical means, 
the temperature is found to rise, the coverings of the globules are broken 

or separated, and the fatty matter unites into small grains, and finally 
into lumps, which form our ordinary butter. This union of the globules 
appears to be greatly promoted by the presence of a small quantity of 
acid—since in the practice of churning it never takes place until the 
milk or cream has become somewhat sour. 

These two facts afford an explanation of the various methods which 
are in different places adopted for the preparation of butter. 

1°. By heating the cream.—When rich cream is heated nearly to boil- 
ing, and is kept for some time at that temperature, the butter gradually 
rises and collects on the surface in the form of a fluid oil. On cooling, this 
oil becomes solid, and may be readily removed from the water and curd 
beneath. The fatty matter of the milk is thus obtained in a purer form 
than when butter is prepared in the usual way. It may, therefore, be 
kept for a longer period without salt and without becoming rancid, but it 
has neither the agreeable flavour nor the consistence of churned butter, 
and is, therefore, scarcely known in our climate as an article of food.* 

The same oily kind of butter may also be obtained by melting the 
churned butter and pouring off the transparent liquid part which floats 
upon the top. This is the only form in which sweet butter is known in 
many parts of Russia. In warm weather it has the consistence of a 
thick oil, is used instead of oil for many culinary purposes, and is de- 
noted, indeed, by the same Russian word. It may be kept for a consi- 
derable time without salt. 

2°. By churning the cream—a. Sour cream.—Cream for the purpose 
of churning is usually allowed to become sour. It ought to be at least 
one day old, but may with advantage be kept several days in cool 
weather—if it be previously well freed from milk and be frequently 
stirred to keep it from curdling. 

This sour cream is put into the churn and worked in the usual way 
till the butter separates. This is collected into limps, well beat and 
squeezed free from the milk, and in some dairies is washed with pure 
cold water as long as the water is rendered milky. In other localities 
the butter is not washed, but, after bemg well beat, is carefully freed 
from the remaining milk by repeated squeezings and dryings with a clean 
cloth. Both methods, no doubt, have their advantages. In the same 
circumstances the washed butter may be more easily preserved in the 
fresh state, while the unwashed butter will probably possess a higher 
flavour. 

b. Sweet cream.—If sweet cream be put into the churn the butter may 
be obtained, but in most cases it requires more labour and longer time, 
without, in the opinion of good judges, affording in general a finer 
quality of butter. In all cases the cream becomes sour during the agi- 
<i and before the butter begins distinctly to form (see p. 554. ) 

Clouted cream.—The churning of the clouted cream of this and 
ee: countries forms an exception to the general rule just stated, that 
more time is required in the churning of sweet creams. Clouted cream 


" It is said, that when melted butter is poured into very cold water, it acquires the consis" 
tency and appearance of common butter. 
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may be churned in the morning after it is made, that is, within 24 hours 
of the time when the milk was taken from the cow—and from such 
cream it is well known that the butter separates with very great ease. But 
in this case the heating of the cream has already disposed the oily matter 
to cohere, an incipient running together of the globules has probably taken 
place before the cream is removed from the milk, and hence the com- 
parative ease with which the churning i is effected. I suppose there is 
something peculiar in butter prepared in this way, as it is known in 
other counties by the name of Bohemian butter. It is said to be very 
agreeable in flavour, but it must contain more cheesy matter than the 
nee from ordinary cream. 

Churning the whole milk.—Butter in very many districts is pre- 
Be from the whole milk. This isa much more laborious method— 
from the difficulty of keeping in motion such large quantities of fluid. 
It has the advantage, however, it is said, of giving a larger quantity of 
butter; and in the ‘neighbourhood of the towns in Scotland and Ireland 
the ready sale obtained for the butter-milk is another inducement for the 
continuance of the practice. 

At Rennes, in Brittany, the milk of the previous evening is poured 
into the churn along with the warm morning’s milk, and the mixture is 
allowed to stand for some hours, when the whole is churned. In this 
way it is said that a larger quantity of butter is obtained, and of a more 
delicate flavour. [II latte e i suoi prodotti, p. 112. 

In the neighbourhood of Glasgow, according to Mr. Ayton,* the milk 
is allowed to stand 6, 12, or 24 hours in the dairy till the whole has 
cooled, and the cream has risen to the surface. Two or three milkings, 
still sweet, are then poured, together with their cream, into a large ves- 
sel, and are left undisturbed till the whole has become distinctly sour, 
and is completely coagulated. The proper sourness is indicated by the 
formation of a stiff brat upon the surface which has become uneven (Bal- 
lantyne). Great care must be taken, however, to keep the brat and 
curd unbroken until the milk is about to be churned, for if any of the 
whey be separated the air gains admission to it and to the curd, and 
fermentation is induced. By this fermentation the quality of the butter 
may or may not be affected, but that of the butter-milk is almost sure to 
be injured. 

In Holland the practice is a little different. The cream is not allow- 
ed to rise to the surface at all, but the milk is stirred two or three times a 
day, till it gets sour, and so thick that a wooden spoon will stand in it. 
It is then put into the churn, and the working or the separation of the 
butter is assisted by the addition of a quantity of cold water. 

By churning the sour milk in one or other of these ways, the butter 
is said to be ‘“ rich, sound, and well-flavoured.” If it be greater in 
quantity—which appears to be the opinion of those who practise it in 
this country, in Germany, and in Holland—it is, according to Sprengel, 
because the fatty matter carries with it from the milk a larger quantity of 
casein than it does in most cases from the cream alone ( 7). 


§ 10. Of the composition of butter. 
Butter prepared by any of the usual methods contains more or less of 


* In his Datry Husbandry, a work much praised, and which I regret that I have never seen. 
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all the ingredients which exist in milk. It consists, however, essentially 
of the fat of milk intimately mixed with a more or less considerable 
proportion of casein and water, and with a small quantity of sugar of 
milk. Fresh butter is said to contain about one-sixth of its weight (16 
per cent.) of these latter substances, and five-sixths of pure fat (Chevy- 
reul). How much of the 16 per cent. usually consists of cheesy matter 
has not yet been determined.* 

It is probable, however, that the proportion of cheesy matter contained 
in butter varies very much. * The thickness and richness of the milk—- 
the mode of preparing the butter, whether from the whole milk or from 
the cream—the way in which the cream is separated from the milk, 
whether by clouting or otherwise—and the nature of the food and pas- 
ture, must all affect in a very considerable degree the relative pro- : 
portions of the fatty and cheesy matters of which our domestic butter 
consists. 

Besides the casein and sugar, butter also usually contains some colour- 
ing substance derived from the plants on which the cow has fed, and 
some aromatic or other similar ingredients to which its peculiar flavour 
_is owing, and which are also derived from the food on which the animal 
lives. 

The fat of butter may be readily separated from all these substances, 
and obtained in a nearly pure state. Fresh newly-churned butter is 
melted in a cylindrical jar at a temperature of 140° to 180° F., the 
fluid oil poured off into water heated to the same temperature, and re- 
peatedly shaken with fresh portions as long as any thing soluble is taken 
up. When left at rest in a warm place, the melted fat rises to tie sur- 
face in the form of a nearly colourless transparent oil, which, on cooling, 
hardens into a colourless mass. 

This pure fat may be preserved for a much longer time without be- 
coming rancid (Thenard). It is the various substances with which its 
fatty matter is mixed that give to common butter its tendency to become 
so speedily rancid and to acquire an unpleasant taste. ‘To the nume- 
rous precautions which have been adopted with the view of counteract- 
ing this tendency, and of preserving the sweet taste of butter, I shall pre- 
sently direct your attention. 


§ 11. Of the average quantity of butter yielded by milk and cream, and 
of the yearly produce of a cow. 


| have already made you acquainted with some of those numerous 
circumstances by whic h the quality of milk is affected. These same 
circumstances will necessarily more or less affect the quantity of butter 
also, which a given weight or measure of milk can be made to yield. 

Thus in the King William’s town dairy (County Kerry), the average 
quantity of milk and butter yielded by the Kerry and Ayrshire breeds 
respectively was, in a whole year— 

Ayrshire cow, 1328 quarts, of which 93 to 9,5, quarts gave 1 lb. of but- 
ter. 


“Since the above was written, two samples of fresh buiter, from cream, examined in my 
laboratory, have yielded only 0:5 and U7 per cent. respectively of cheesy matter. This is 
certainly a much smaller quantity than I had expected. Does butter from the whole milk 
contain more? A series of such examinations would prove not uninteresting. 
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Kerry cow, 1264 quarts, of which from 8 quarts to 8! gave 1 Ib. of 
butter. 

Showing, as I have before stated, (p. 536), that the small Kerry cow, 
upon the same pasture, will give a richer milk even than the Ayrshire. 

In Holstein and Lunenburg again, it is considered, on an average, 
that 15 quarts of milk will yield 1 lb. of butter. The milk in that 
country, therefore, must be very much poorer in butter. [Journal of the 
Royal Agricultural Society, I. p. 386.] 

The result of numerous trials, however, made upon the milk and 
cream of cows considered as good butter-givers, in this country, has 


established the following average relation between milk, cream, and but- 
ter i— ’ 


hed lb aren Butter. 
to 2 Ss. oy 4 lbs. 
9 to 11 qts. yield 2 qts.* or 1 Ib. 


The cow, therefore, that yields 3000 quarts of milk should produce, 
where butter is the principal object of the farmer, about 300 lbs. of but- 
ter, or 1 lb. a day for 300 days in the year. 

This is not a large daily produce, since some cows have been known 
to give for a limited time as much as two or even three pounds of butter 
ina single day. Itis a large quantity however, taken as the average of 
a lengthened period of time, and hence such cases as that of Mr. Cramp’s 
cow, which for four years continuously yielded nearly a pound and a 
half of butter} every day, are naturally quoted as extraordinary. 

In most districts the average of the whole year is much less than a 
pound a day, even for ten months only. In Devon, for the first twenty 
weeks after calving, a good cow will yield 12 quarts of milk a day, from 
which, by the method of scalding, a pound and a quarter of butter can be 
extracted. 

In South Holland, [Loudon’s Encyclopedia,] a good cow will pro- 
duce during the summer months about 76 lbs. of butter. In the high 
pastures of Scariain Switzerland, a cow will yield during the ninety 
days of summer about 40 lbs. of butter, or less than half a pound a day. 
In Holstein and Lunenburg it is considered a fair return if a cow yields 
100 lbs. of butter, and even in England, [British Husbandry, II., p. 
404,] 160 to 180 lbs. is reckoned a fair annual produce for a cow, or from 
8 to 9 ounces a day for ten months in the year. 


§ 12. Of the circumstances which affect the quality of butter. 


It is known that the butter produced in one district of the country, dif- 
fers often in quality from that produced in another, even though the same 
method of manufacture be adopted. In different seasons also the same 
farm will produce different qualities of butter—thus it is said that cows 
which are pastured yield the most pleasant butter in May, when the first 
green fodder comes in—that the finest flavoured is given by cows fed upon 
spurrey (Sprengel)—that it is generally the hardest when the animal 
lives upon dry food—and that autumn butter is best for long keeping, 

* The quarts spoken of in this lecture are old wine quarts, of which 5 make an ionperial 


gallon. A wine gallon of milk or cream weighs about 8 lbs. 4 oz., an imperial gallon about 
10 lbs. 50z. About two imperial gallons, therefore, should yield a pound of butter. 


t It gave in four years 2132 lbs. of butter from 23,559 quarts of milk, or 16 quarts a day, of 
which 11 quarts gave a pound of butter. 
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These differences may all be ascribed to varieties or natural differences 
in the pasture or fodder upon which the cow is fed.* The constitution of 
the animal also is known to affect the quality of the butter—since there 
are some animals which with the best food will never give first-rate but- 
ter. 

In all such cases as these, however, the quality of the butter is almost 
entirely dependent upon that of the milk from which it is made, so that 
whatever affects the quality of the milk must influence also that of the 
butter prepared from it. But as I have already considered the circum- 
stances by which the quality of the milk is principally modified (p. 
534), I shall not further advert to this subject at present. 

But from the same milk, and even from the same cream, by different 
modes of procedure, very different qualities of butter may be obtained. 
The mode of making or extracting butter, therefore, is highly worthy of 
your attention. Let us consider a few of the more important circum- 
stances under which different qualities of butter may be extracted from 
the same quality of milk or cream. 

1°. First and second drawn milk.—If the milk be collected in two or 
three successive portions, as it comes from the cow, we have already 
seen (p. 536), that the last drawn portion will be much richer than that 
which has been taken first. The cream yielded by it will also be richer, 
and of a finer and higher flavour. Whether, therefore, the butter be ex- 
tracted directly from the whole milk, or from the cream, the butter ob- 
tained from the three successive portions will differ in quality almost as 
much as the several portions of milk themselves. 

A practical application of this fact is made in some of the Highland 
counties of Scotland, and in other districts, where the calves are allowed 
to suck, or are fed with, the first half of the milk as it comes from the 
cow—the latter and richest half only being reserved for dairy purposes. 
This second milk is found to afford an exquisite butter. 

2°. First and second cream.—In like manner the first cream that rises 
upon any milk is always the richest, and gives the finest flavoured but- 
ter. The after-creamings are not only poorer in butter, but yield it of a 
whiter colour and of inferior quality. 

This fact again is well understood, and has been long practically ap- 
plied in the neighbourhood of Epping, which is celebrated for the excel- 
lence of its butter. The cream of the first 24 hours is set aside and 
churned by itself. The second and third creams produce a pale, less 
pleasant butter, which always sells for an inferior price. Any admix- 
ture of the after-creamings causes a corresponding diminution in the value 
of the butter produced. To produce the most exquisite butter the cream 
of the first eight hours only ought to be taken. 

3°. Mode of creaming.—The rapidity with which cream rises to the 
surface, either naturally or when influenced by art, affects the quality of 
the cream, and consequently that of the butter made from it. In warm 
weather it rises more quickly than in cold, and more quickly still when 
the milk is heated, as in the preparation of clouted cream. The butter 


* The influence of the food given in the stall and of the plants eaten in the pasture, upon 
the colour and flavour of the butter, is familiar to all practical men. The turnipy taste of 
the butter in winter—the garlic taste in summer, where the wild onion grows in the pastures 
—and the alleged effect of raw potatoes in winter, in giving a rich colour to the butter, are 
common examples of this kind. 
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{Bohemian butter) obtained from such cream—from cream thus rapidly 
brought to the surface—may be expected to differ both in flavour, in con- 
sistency, and in composition, from that yielded by the cream of the same 
milk when allowed to rise in the usual manner. 

4°. Sourness of the cream.—For the production of the best butter it is 
necessary that the cream should be sufficiently sour before it is put into 
the churn. Butter made from sweet cream (not clouted), is neither good 
in quality nor large in quantity, and longer time is required in churning. 
It is an unprofitable method (Ballantyne). 

5°. Quickness in churning.—The more quickly milk or cream is 
churned, the paler, the softer, and the less rich the butter. Cream, ac- 
cording to Mr. Ayton, may be safely churned in an hour and a half, 
while milk ought to obtain from two to three hours. ‘The churning 
ought also to be regular, slower in warm weather that the butter may 
not be soft and white, and quicker in winter that the proper temperature 
may be kept up. 

Mr. Blacker has lately introduced into this country a barrel-churn in- 
vented by a Mr. Valcourt, which, being placed in a trough of water of 
the proper temperature, readily imparts the degree of heat required by 
the milk or cream without the necessity of adding warm water to the 
milk, and churns the whole in ten or twelve minutes. It is said also to 
give a larger weight of Lutter from the same quantity of milk. If the 
quality be really as good by this quick churning, the alleged inferiority 
in the quality of butter churned quickly in the common churn can not 
be due to the mere rapidity of churning alone. 

6°. Over-churning.—When the process of churning is continued after 
the full separation of the butter, it loses its fine yellowish, waxy ap- 
pearance, and becomes soft and light coloured. The weightof the butter, 
however, is said to be considerably increased ; and hence that in Lan- 
cashire over-churning is frequently practised in the manufacture of fresh 
butter for immediate sale (Dr. Traill-) 

7°. Temperature of the milk or cream.—Much also depends upon the 
temperature of the milk or cream when the churning is commenced. 
Cream when put into the churn should never be warmer than 53° to 55° 
F. It rises during the churning from 4° to 10° F. above its original 
temperature. When the whole milk is churned, tae temperature should 
be raised to 65° F., which is best done by pouring in hot water into the 
churn while the milk 1s kept in motion.* 

The importance of attending to the temperature and to the quickness 
of churning, when the best quality of butter is required, is shown by the 
two following series of results obtained in the churning of cream at dif- 
ferent temperatures and with different degrees of rapidity. 

The first series was obtained in the August and September of 1823, by 
Dr. Barclay and Mr. Allan. The quantity of cream churned in each 
experiment was 15 wine gallons, weighing from 8 lbs. to 8} lbs. per gal- 
Jon. 

* Ballantyne, Transactions of the Highland Society, New Series, I., p. 24. Some object to 
this method of adding hot water, saying that it renders the butter pale and less valuable in the 
market. This is by no means universally the case, and the keeping the milk in motion, 


while the water is added, may possibly, in some cases, make the difference. Inu other cases 
may be owing to natural differences in the quality of the milks operated upon. " 


24 


556 TEMPERATURE OF THE MILK OR CREAM. 


Temperature. Quantity of 
——_._ Time in Butter 
No. Begin- End Churning. per gallon. Quality of the Butter. 
ning. *  Hfours. lb. oz. 
Ei Ve 2 alpen! 5 1 153 Very best, rich, firm, well tasted. 
55° = 65° 3t rss Not sensibly superior to the former. 
3 1 14 Good, but softer. 
60° 68° 3 1128 Soft and spongy. 
66° 75° Qh 1 10% Inferior in every respect. 


CU 09 8D 
on 
B 
° 
S 
oO 


The results of these experiments prescribe the temperature of 50 to 55° 
F. for the cream when put into the churn, and from 3 to 4 hours as the 
most eligible for producing butter, both in the largest quantity and of the 
finest quality. Something, however, appearstodepend upon the quality 
of the cream ; since the indications of the next series of experiments dif- 
fer considerably from tle above, in so far at least as regards the length 
of time expended in churning. 

The following experiments were made in Edinburgh, by Mr. Ballan 
tyne, between June and August, 1825. The quantity of cream he used 
at each churning was 8 wine gallons—weighing 8 lbs. to the gallon, ex- 
tcept hat of the fourth experiment, which weighed 4 ounces less. 


Temperature. Time in Quantity of 


—_~ — Churn- Butter 
No. Ofthe Whenbut- _ ing. per gallon. Quality of the butter. 
cream. ter came. Hours. Ibs. oz. 
1 56°F. 60°F. 13 2 1 Inferior; white and softer than No. 2. 
2 52° 56° 2 2 0} The flavour and quality of these two 
3 52° 56 2 2 0 butters could not be surpassed. 
Ay Go. (671° 4 115 Soft, white, and milky. 
5 50° 533° 3 1 153 Good—evidently injured by long churn- 
ing> 
6 531° 574° 1} 2 03 Mostexcellent. High in flavour and 


colour, and solid as wax. 


To obtain butter from cream, therefore, both finest in quality and 
largest in quantity, these two series of experiments prescribe the follow- 
ing temperatures of the cream, and times in the churning — 


‘ Temperature. Time. 
Bist! ns Y 9609 161552 31 to 4 hours 
Second . . 534° 1j tors» 


In the temperature both agree. It is probable that the nature of the 
cream obtained at different seasons or in different localities may render 
a longer time necessary in the churning on some occasions or in some 
places than in others. It is certain that the sourer the cream, the sooner 
generally will the butter come.* 

8°. Churning the entire milk.—lIt is in connection with the tempera- 
ture at which milk and cream may respectively be best and most eco- 
nomically churned, that the chances of obtaining a butter of good quality 
atevery season of the ycar appear to be greater when the whole milk is 
used, than when the cream only is put into the churn. 

Cream, when the churning commences, should not be warmer than 
55° F.—milk ought to be raised to 65° F. In winter, either of these tem- 
peratures may be easily attained. In cold weather it is often necessary 


* In sweet cream, when the butter is long in coming, the addition of a little vinegar, brandy, 
er whiskey, will hasten the churning. 
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to add hot water to the cream to raise it even to 55°. But in summer, 
and especially in hot weather, it is difficult, even in cool and well or- 
dered dairies, to keep the cream down to this comparatively low temper- 
ature. Hence if the cream be thenchurned, a second rate butter, at best, 
is all that can be obtained. 

Milk, on the other hand, requires a temperature of 65°—ten degrees 
higher than cream—and therefore neither summer nor winter weather 
materially affects the ease of churning it. In winter, its temperature is 
raised by hot water, as that of cream is, and even in summer there can 
be few days in our climate—where the milk is kept in a well contrived 
dairy—iu which it will not be necessary to add more or less hot water in 
order to raise the milk to 65° F. Thus, where the entire milk is churned, 
the same regular method or system of churning can be carried on through- 
out the whole year. No ditficulty is to be apprehended from the state 
of the weather, nor, so long as the quality of the milk remains the same, 
is there reason to apprehend any change in the quality of the butter. 
The winter butter and the summer butter may be alike firm, finely fla 
voured, and rich in colour. 

The alleged advantages of churning the entire milk rather than the 
cream may be thus stated :— 

_ a. The proper temperature can be readily obtained both in winter and 
in summer. 

b. A hundred gallons of entire milk will give in summer five per cent. 
more butter than the cream from the same quantity of milk will give 
(Ballantyne). 

e. Butter of the best quality can be obtained without difficulty both 
in winter and in summer. 

d. No special attention to circumstances or change of method is at 
any time required. The churning in winter and summer is alike simple 
and easy. 

e. The butter is not only of the best quality while fresh, but is also 
best for long keeping, wea properly cured or salted (Ballantyne). 

To these advantages it is set off, that except in the neighbourhood of 
large towns, the butter-milk is of little value—while from the skimmed- 
milk, a marketable cheese can always be manufactured. But this ought 
to be no objection, where churning the whole milk would otherwise be 
preferred, since it is little more difficult to make cheese from the sour 
butter-milk than from the sweet skimmed-milk. To this point I shall 
direct your attention hereafter. 

9°. Cleanliness.—It seems almost unnecessary for me to allude to 
cleanliness as peculiarly necessary to the manufacture of good butter. 
But I do soto bring under your notice the fact, that cream is remarkable 
for the rapidity with which it absorbs and becomes tainted by any un- 
pleasant odours. It is very necessary that the air of the dairy should be 
sweet, that it should be often renewed, and that it should be open in no 
direction from which bad odours can come. 


§13. Of the futty substances of which buiter consists, and of the acid of 
bulter (butyric acid,) and the capric and caproic acids. 


1°. Butter-fat.—I have already mentioned to you that if the butter as 
it is taken from the churn be melted in water of a temperature not ex- 
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ceeding 180° F., and be then washed with repeated portions of warm 
water, a nearly colourless fluid oil is obtained, which, if not transpar- 
ent, becomes so when filtered through paper, and when cool congeals into 
a more or less pure white solid fat. If this fat be put into a linen cloth 
and be submitted to a strong pressure in a hydraulic or other press at the 
temperature of 60° F., a slightly yellow, transparent oil will flow out, 
and a solid white fat will remain behind in the linen cloth. The solid 
fat is known to chemists by the name of margarine. The liquid oil is 
peculiar to butter, at least it has not hitherto been found in any other sub- 
stance; it is therefore called the oleine of butter, or simply butter-oil. 
The pure fat of butter consists almost entirely of these two substances, 

there being generally present in it only a small quantity of certain fat 
acids, which I shall presently introduce to your notice. Thus a speci- 
men of butter made in the month of May gave a fat which was found 
by Bromeis to consist of about— 

Marsdrine Yeas) s/f RPeR? YOR, Wot 6s permeere 

Bwrtler GM Gale Agee Melag, Vereen og ANS = 

Butyric, caproic, and capric acids . . . . 2 os 

100* 
But the proportion of the solid and fluid fats in butter varies very much. 

[t is familiar in every dairy that the butter is harder and firmer al 
one time and with one mode of churning than with another,—and this 
greater firmness depends mainly upon the’ presence of the solid fat (mar- 
garine) in larger proportion. According to Braconnot, summer butter 
contains much more of the bulter-oil than winter butter does; and he 
states their relative proportions in these two seasons, in the butter of the 
Vosges, which he examined, to be as follows :— 


‘ Sommer. Winter. 
Margarine 109% 2s. . 1040 65 
Buttersolvee ms eee 260 35 

100 100 


Of course these proportions are not to be considered as constant. In- 
deed, the proportion of oil here given for summer butter is much greater 
than in the butter examined by Bromeis. It is probable, therefore, that 
the relative proportions of the two fats are affected by climate, by sea- 
son, by the race, the food, and the constitution of the animal; by the way 
in which the butter is made, by the manner in which it is kept, and by 
other circumstances not hitherto investigated. 

2°, Margarine.—This solid fat, which exists so largely in butter, 1s 
also the solid ingredient in olive oil, and in goose and human fat. But- 
ter, therefore, appears to be a most natural food forthe human race, since 
it contains so large a proportion of one of those substances which enter 
directly into the constitution of the human frame. 

Margarine is white, hard, and brittle, and melts at 118° F. In the 
pure state it may be kept fora length of time without undergoing any 
sensible change, but in the state of mixture in which it exists in milk and 
_ butter it is apt to absorb oxygen from the atmosphere, and to be partially 


* Annal, der Chem. und Phar., xlii., p. 70. 
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changed into butter oil, and into one or other of those fatty acids which 
are present in butter in smaller quantity. 

3°. Margaric acid.—When this fat (Margarine) is introduced into a 
hot solution of caustic potash, it readily dissolves and forms a soap. If 
the solution of this soap in water be decomposed by the addition of diluted 
sulphuric acid a white fatty substance separates, which, after being col- 
lected, dried, and dissolved in hot alcohol, crystallizes as the solution 
cools, in the form of pearly scales. This substance is known by the 
name of the margaric (or pearly) acid. Margarine consists of this acid 
in combination with a sweet substance known by the name of glycerine, 
or oil sugar.* 

Margaric acid is represented by the formula 34 C + 34 H + 4 0, or 
C24 H34 O4. To this formula it will be necessary in a few minutes to 
revert. 

Butter oil.—The liquid fat expressed from butter has the appearance 
of an oil, sometimes colourless, but often tinged of a yellow colour. It 
has the taste and smell of butter—miixes readily with alcohol, and be- 
comes solid when cooled down to 32° F.—the freezing point of water. 
It dissolves without difficulty in a solution of caustic potash, and forms 
a soap. 

Acid of butter-oil—oleic acid of butter.—When the solution of the oil 
in caustic potash is diluted with much water, and decomposed by the ad- 
dition of diluted sulphuric acid, an oily substance is separated, which is 
different from the original oil of butter, possesses acid properties, and is 
known by the name of the oleic acid of butter. This fatty acid has 
never hitherto been obtained from any other substance than the oil of 
butter, and the oz! consists of the acid in combination with oil-sugar. 
You will recollect that margarine consists of margaric acid in combination 
with the same sugar (p. 558.) 


* Such is the apparent composition of the two fatty substances, margarine and butter-oil, 
jnasmuch as when they are dissolved ina solution of caustic potash, and their solutions 
afterwards decomposed by an acid, they are resolved respectively— 

Margarine—into margaric acid and oil-sugar ; 
Butter-oil—iuto butter oleic acid and oil-sugar. 

But, for the benefit of my chemical readers (my other readers will please to pass over 
this note), it is necessary to state— 

1°. That a compound is supposed to exist, consisting of 3 atoms of carbon united to 2 of 
hydrogen—UC3 Hz, to which the name of /ipyle is given. 

2°. That this radical C3 He unites with an atom of oxygen, forming C3 He O, or oxide of 


lipyle. te 
3. That in neutral fatty bodies, such as margarine, this oxide exists in combination 
with a fatty acid. Thus, for example, that— 


A : Gl of margaric acid . . . 6 te 3 ws OCB IOD 
Margarine consists of}y faigoxide of lipyletwenseie or 2. = C37 HeT@ 
Forming, together, lofmargarine . ...... ++ + « « =C37H3605 

And . 1 of oleic acid of butter . 2... . 2... == O34 H3105 
butter-oil of st of oxide of lipyle . SRS Recs mad 8 CS 

Forming, together, 1 of butter-oil . . . c= C37 H33 O6 


4°. And that when this oxide of lipyle is separated from its combination with the fatty 
acids it unites with a quantity of water, and forms glycerine or oil-sugar. Thus— 
2 of oxide of lipyle ORY fet nc = Cs H4 O2 united to 
S of water warseerer sl aw. Lie A ie H3 O3 give 
1 of glycerine (oil-sugar) . . - . . . = Cs H7 05 
5°. The above is the view of Berzelius, but Redtenbacher has recently suggested, [Annal. 
der Chem. und Phar., XLVII., p, 141,] that a known substance called acrolein exists in the 
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~ When pure, this oily acid is colourless and transparent, and 7s re- 
markable for the rapidi'y with which it absorbs oxygen from the atmos- 
plere, and becomes conv. ried into new chemical compounds. _ It is re- 
presented by the formula 34C + 31H + 50, or C34 Hai Os. 
Let us compare this formula with that of the niargaric acid : 
; Margaric acid ««, . «5%» == Cag Hyg Og 
Butter oleic vacid | sm: .but oe == Cor 9H Og 


Differencewsnts . tures jel & + Hs —O; 
or, if 3 of hydrogen be taken from the margaric acid and 1 of oxygen 
added to it, it will be converted into the oleic acid. 
Now this may be eflecied by siinply supposing one atom of margaric 
acid to absorb four atoms of oxygen from the atmosphere. Thus— 
1 of margaric acid = C34 H31 Og 
4 ofoxygen . . O; 


lI | 


—— lofoleic acid + 3 of water. 
"Ca Ha, Og, or C34 Hai O5 + 3HO. 

So that either in the body of the animal, in the milk while it remains 
in the udder, or when it is exposed to the air after being drawn from the 
cow, or even in the churn itself, it may happen that a portion of the 
margaric acid may absorb oxygen and become changed into the olcic 
acid. It may also be that this change, this absorption of oxygen, is pro- 
moted by warm and retarded by cold weather, and that thus the butter 
is rendered generally softer in the sammer and harder in the winter sea- 
son. But.these are as yet only conjectures ; for, after all, the relative pro- 
portions of the soft and hard fat in butter at different times of the year 
may depend upon natural differences in the herbage at the several 
seasons, or upon some other causes which have not as yet been in- 
vestigated. 

5°. Bulyric, capric, and caproic acids. —These substances, as I have 
already stated to you, exist in butter only in small quantity—to the 
amount of 2 or 3 percent. 'T'o these acids, and especially to the capric 
and caproic, butter owes its disagreeable smell when it becomes rancid. 
They do not exist, naturally, to any unpleasant extent in perfectly fresh 
butter—they are gradually formed in it, however, when fresh butter 
is exposed tothe air. Ido not enter into any detail of their proper- 
ties, or of the mode of extracting them from butter, because these points 


fats in combination with the fatty aci@. This aerolein is represented by Cs H4 02, which 
is exactly the constitution of 2 of lipyle. So that according to this view the solid fat of but- 
ter would consist of— 


2 of margaric acids «5 . «> == C68 Hes Os 
Jvofsacroleiny 3. < ae = CGP EW Oo 
2 of margaricacid . . . . = €74 Hr Olo 


and, by a like substitution of acro!ein for oxide of }ipyle, may the constitution of butter-oil 
be represented. 

The principal known fact in favour of this view of Redtenbacher is, that when glycerine is 
distiled with anhydrous phosphoric acid, acrolein is produced. He supposes that the acid 
takes the elements of 3 atoms of water from glycerine, forming acrolein: since if from— 

PPof plycerine:, oii o40 ls dca) dae is O6\ Fz Osvwestake 
POL WALOLH . toes. Qovkioy Gs eS Ilg Os 


\ 


Acroleim remains 4 a), ms, «- «Ss ©6402 
The conversion of acrolein into glycerine, when it is separated from the fatty acids, is sup- 
posed to proceed, as in the case of lipyle, from its combination with the water at the moment 
of extrication, Further researches are yet required to clear up this subject. 
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are of Jess interest or importance to you. It is necessary only, toa 
clear understanding of the kind of enanges which take place when butter 
becomes rancid, that I should exhibit to you the formule by which these 
acid bodies are severally represented :— 
Butyric acid = Cg Hg Oy 
Caproic acid = Cig Ho O3 
Capric acid = Cyg Hig O3 
We shall see how these substances are produced from the solid and 
fluid fats of butter, when we come to treat of the preservation of butter. 


§ 14. Of casein or the curd of mill: and its properties. 


The casein or cheesy matter of milk may be obtained nearly pure by 
the following process :—Heat a quantity of milk which has stood for 5 
or 6 hours, as if you intended to prepare clouted cream (p. 548), let it 
cool, and separate the cream compietely. Add now to the milk a little 
vinegar and heat it gently. The whole will coagulate, and the curd will 
separate. Pour off the whey, and wash the curd well by kneading it 
with repeated portions of water. When pressed and dried, this will be 
casein sufficiently pure for ordinary purposes. It may be made still 
more pure by dissolving it in a weak solution of carbonate of soda, al- 
lowing the solution to stand for 12 hours in a shallow vessel, separating 
any cream that may rise to the surface, again throwing down the curd 
by vinegar, washing it frequently, and occasionally boiling it with pure 
water. By repeating this process two or three times, it may be obtained 
almost entirely free from the fatty and saline matters of the milk. 

Casein thus prepare: reddens vegetable blues, and is therefore a 
slightly acid substance. It is very sparingly soluble in water—400 Ibs. 
of cold-water dissolving only 1 Ib. of pure casein (Rochleder). It dis- 
solves readily, however, and in large quantity, in a weak solution of the 
carbonate of potash or of soda, and to some extent even in lime-water. 
These solutions are coagulated by the addition ef an acid—of sulphuric 
acid, of vinegar, or of lactic acid—and the curd readily separates on the 
application of a gentle heat. Ifa large quantity of acid be added, a por- 
tion of the casein is re-dissolved. This property of dissolving in weak 
alealine (potash or soda) solutions, satisfactorily explains what takes 
place during the curdling of milk, as we shall hereafter see (p. 567). 

The casein of milk is identical in chemical constitution with the fibrin 
of wheat, the legumin of the pea and bhean,* and the albumen of the 
egg or of vegetable substances. Hence the opinion has naturally arisen 
among chemists, that the cheesy matter contained in an animal’s milk is 
derived directly, and without change, from the food on which it lives. 
The probability of this opinion will come naturally under our considera- 
tion in the following lecture. (See next lecture, ‘* On the feeding of 
stock.”’) 

Casein possesses still one property more remarkable than any of its 


* In page 394 it is stated, on the authority of Dumas, that the legumin of the pea and bean 
differs in composition from fibrin and albumen Since that sheet was published, it appears, 
from the experiments of Rochleder (Annal. der Chem. und Pharm., xlvi., p. 162), that the 
legamin which Dumas extracted from the almond, analysed, and supposed to be identical 
with the legumin of the bean and pea, is not so, but is in reality a different substance ; and 
that the legumin of peas does agree in composition with the casein of milk. 
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others, and exceedingly interesting to the practical agriculturist. Let 
me explain this property a little more in detail. 


§15. Of the relations of casein to the sugars and the fats. 


1°. Relation to the sugars.—a. Production of lactic acid.—I have 
already adverted (p. 543) to the remarkable property which casein pos- 
sesses of gradually converting uulk or other sugars into lactic acid. If 
a small quantity of this substance, either in the state of fresh curd or in 
the purer form just described, be introduced into a solution of cane-sugar, 
or of sugar of milk, lactic acid begins very soon to be formed. Thus 
the casein it contains is the cause of the souring of milk. In hke man- 
ner it is the casein contained in bean or pea-meal which makes it so 
soon become sour when mixed with water. 

b. Production of butyric acid.—But the transforming action of casein 
doos not end when tbis change is produced. After a longer time a 
further alteration is effected by its means. A fermentation commences, 
during which carbonic acid and pure hy drogen gases are given off, and 
butyrie acid is produced (Pelouze and Gelis). Let's conser ane 
nature of this new change. 

Butyric acid is represented by Cg Hg O4 ; and lactic acid, as we have 
seen, by Cg He O¢ ; therefore— 

4 of lactie'acid’.' 4) 3 = Cay His Oo4" and 
3of butyricacid. . . . . = Cos Hey Org 


Di ference’) P21. oy. Oj 

That is to say, that 4 of lactic acid, in order to be converted into 3 of 
butyric acid, must give off 12 of oxygen. But during the fermentation 
which accompanies the change no oxygen is given off. The gases 
which escape are carbonic acid and hydrogen. The oxygen given off 
by one portion of the lactic acid, therefore, cast combine with the ele- 
ments of another portion, and convert it into these gases. Thus to— 
11 of lactic acid . . = Cg Ho Og 
Add 12°of oxygen. . = Oye 


9 of carbo- 6 of hy- 3 of 
nic acid <j drogen + water. 


And we have . . .«. Cg He On 23.9 C Op + 6H + 3HO; 
or, while 4 atoms of lactic acid are converted into 3 of butyric acid, 13 
of lactic acid are at the same time converted into 9 of carbonic acid gas, 
6 of hydrogen gas, and 3 of water. The gases escape and cause the fer- 
mentation, ‘while the water remains in the Seoin ane 


» Thave taken in the text the smallest numbers by which the general change could be re- 
presented in the simplest way. According to Pelouze and Gelis, however, the hydrogen 
given off is sensibly one-third of the bulk of the carbonic acid when the butyric fermenta- 
tion is in its vigour. ‘To satisfy this condition, therefore, much higher numbers must be 
taken; such as the following :— 


20 of lactic acid » . « « . == Cheo Hig0 Ooo are converted into 
15 of butyric acid . . . ... = Civ Hizo Oso 
Givingoff . . —7 Ocu 


And these 60 of exynen decompose 6 of lactic acid, as above described. Thus to— 
6 of lactic . . . . C36 Hs6 036 
Add 60 of oxygen ape O60 
————— 6 of carbonic acid + 12 en + 24 water. 
And wehave . . C36 H36 096 = 36CO2 + 12H 24HO, 
where the carbonic acid gas is exactly three times the bulk of the ot ee gas produced. 
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The outyric acid thus produced is a colourless transparent volatile 
liquid, which emits a mingled odour of vinegar and of rancid butter. 
To the production and presence of this acid, therefore, in the milk or 
cream or in the manufactured butter, the rancidity of this important 
dairy product is partly to be ascribed. 

2°. Relation to the fatty bodies.—It is probable that in certain cir- 
cumstances the casein of milk is capable of inducing chemical changes 
in the fatty bodies as well as in the sugars, but this conjecture has not, 
as yet, been verified by rigorous experimental investigation. 

3°. Relation to fats and sugars mixed.—It is known, however, to act 
upon fatty bodies when mixed with sugar. Thus, if a small quantity 
of casein be added to a solution of sugar, lactic acid is produced for a 
certain length of time, but it ceases to be sensibly formed before the 
whole of the sugar is transformed into this acid. If now a quantity of 
oily matter be added to the mixture, the production of lactic acid will re- 
commence, and may continue till all the sugar is changed. If more 
sugar be added by degrees, the formation of acid will go on again, and, 
after a while, will cease. The introduction of a little more oil will again 
give rise to the preduction of acid, and, at length, the acid will cease to 
be formed, while both sugar and oil are present. The casein originally 
added has now produced its full effect (Lehmann). 

It appears, therefore, that in the presence of sugar, casein is capable 
of changing or decomposing the fatty bodies also, and of giving birth to 
oily acids of various kinds. Now, in milk, in cream, and in butter, the 
casein is mixed with the sugar of the milk and the fats of the butter, and 
thus is in a condition for changing at one and the same time both the 
sugar into lactic or butyric acid, and the butter into other acids of a 
fatty kind. Among those latter into which the butter-oil is convertible 
may probably be reckoned the capric and caproic acids, which are still 
more unpleasant to the smell and taste than the butyric acid, and which 
are known to be present in rancid butter. 


§ 16. Of the rancidity and preservation of butier. 


We are now prepared, in some measure, to understand the changes 
that take place when butter becomes rancid—and the way in which those 
substances act which are usually employed for preserving it in a sweet 
and natural state. 

1°. When butter becomes rancid, there are two substances which 
change—the fatty matters and the milk sugar with which they are mixed. 
There are also two agencies by which these changes are induced—the 
casein present in butter, and the oxygen of the atmosphere. The quantity 
of casein or cheesy matter which butter usually contains is very small, 
but, as we have seen, it is the singular property of this substance to in- 
duce chemical changes of a very remarkable kind, upon other compound 
bodies, even when mixed with them in very minute quantity. 

2°. As it comes from the cow, this substance, casein, produces no 
change on the sugar or on the fatty matters of the milk. But after a 


Every chemist is aware, however, that in decompositions of this kind, it is seldom 
that one single product is obtained alone. Though the above formula, therefore, represents 
truly how butyric acid may be produced from lactic acid under the circumstances, yet 
other substances are not unfrequently formed during the actual experiment, by which the 
result is more or less complicated. 


24* 
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short exposure to the air it alters in some degree, and acquires the power 
of transforming milk sugar into lactic acid. Hence, as we have seen, the 
milk begins speedily to become sour. Further changes follow, and, 
among other substances, butyric acid is formed. 

In butter the same changes take place. ‘The casein alters the sugar 
and the fatty matters, producing the butyric and other acids, 10 which its 
rancid taste and smell are to be ascribed. 

In the manufacture of butter, therefore, it is of consequence to free it as 
completely as possible from the curd and sugar of milk. This is done 
in some dairies by kneading and pressing only; in others, by washing 
with cold water as jong as the latter comes off milky. The washing 
must be the most effective method, and is very generally recommended 
for butter that is to be eaten fresh. In some dairies, however, it is care~ 
fully abstained from, in the case of butter which is to be salted for long 
keeping. 

There are two circumstances which, in the case of butter that is to be 
kept for a length of time, may render it inexpedient to adopt the method 
of washing. ‘The water may not be of the purest kind, and thus may 
be fitted to promote the future decomposition of the butter. Sprengel 
says that the water ought to contain as little lime as possible, because 
the butter retains the lime and acquires a bad taste from it. 

But the water mav also contain organic substances in solution—vege- 
table or animal matters not visible perhaps, yet usually present even in 
spring water. These the butter is sure to extract, and they may mate- 
tially contribute to its after-decay, and to the difficulty of preserving it 
from rancidity. 

Again, the washing with water exposes the particles of the butter to 
the action of the oxygen of the atmosphere much more than when the 
butter is merely well squeezed. The effect of this oxygen, in altering 
either the fatty matters themselves or the small quantity of casein which 
remains mixed with them, may, no doubt, contribute to render some but- 
ters more susceptible of decay. 

3°. But the casein, after it has been a still longer time or more fully 
exposed to the air, undergoes a second alteration, by which its tendency 
to transform the substances with which it may be in contact, is consi- 
derably increased. It acquires the property also of inducing chemical 
changes of another kind, and it is not improbable that the more un- 
pleasant smelling capric and caproic acids may be produced during this 
period of its action. 

In the preservation of butter, therefore, for a length of time, itis of 
indispensable necessity that the air should be excluded from it as com- 
pletely as possible. In butter that is to be salted also, it is obvious that 
the sooner the salt is applied and the whole packed close, the better and 
sweeter the butter is likely to remain. 

4°, The action of this cheesy matter, and its tendency to decay, are 
arrested or greatly retarded by the presence of saturated solutions of cer- 
tain saline and other substances. Of this kind is common salt, which is 
most usually employed for the purpose of preserving butter. Saltpetre, 
also, possesses this property in a less degree, and is said to impart to the 
butter an agreeable flavour. A syrup or strong solution of sugar will 
likewise prevent both meat and butter from becoming rancid. Like salt- 
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petre, however, it is seldom used alone, but it is not uncommon to em- 
ploy a mixture of common salt, saltpetre, and sugar, for the preservation 
of butter. Where the butter has been washed, this admixture of cane- 
sugar may supply the place of the milk-sugar which the butter originally 
contained, and may impart to it a sweeter taste. 

The salt should be as pure as possible, as free, at Jeast, from lime and 
magnesia as it can be obtained, since these substances are apt to give 
it a bitter or other disagreeable taste. It is easy, however, to purify the 
common salt of the shops from these impurities by pouring a couple of 
quarts of boiling water upon a stone or two of salt, stirring the whole 
well about, now and then, for a couple of hours, and afterwards straining 
it through a clean cloth. The water which runs through is a saturated 
solution of salt, and contains all the impurities, but nay be used for com- 
mon culinary purposes or may be mixed with the food of the cattle. 
The salt which remains on the cloth is free from the soluble salts of lime 
and magnesia, and may be hung up in the cloth till it is dry enough to 
be used for mixing with the butter or with cheese. 

The quantity of salt usually employed is from 4th to 4th part of the 
weight of the butter—with which it ought to be well and thoroughly in- 
corporated. The first sensible eflect of the salt is to make the butter 
shrink and diminish in bulk. It becomes more solid and squeezes out a 
portion of the water—with which part of the salt also flows away. It is 
not known that the casein actually combines with the salt, nor, if it did, 
considering the very small quantity of this substance which is present in 
butter, could much salt be required for this purpose. But the points to 
attend to in the salting of butter are to take care that all the water which 
remains in the butter shall be fully saturated with salt—that is to say, 
shall have dissolved as much as it can possibly take up—and that in no 
part of the butter shall there be a particle of cheesy matter which is not 
also in contact with salt. If you exclude the air, the presence of a sat- 
urated solution of salt will not only preserve this cheesy matter from it- 
self undergoing decay, but will render it unable also to induce decay in 
the sugar and fat which are in contact with it.* 

It is really extraordinary that such rigid precautions should be neces- 
sary to prevent the evil influence of half'a pound of cheesy matter, or less, 
in a hundred pounds of butter (p. 551). 

5°. Though the curd or casein appears to be the enemy against whose 
secret machinations the dairy farmer has chiefly to guard, yet the oxygen 
of the atmosphere is a second agent by which the fatty matters of butter 
are liable to be brought into a state of decomposition, and the presence 
of which, therefore, should be excluded as carefully as possible. 

We lave seen that by the action of oxygen the solid margaric acid of 
butter may be changed into the oleic or liquid acid of butter (p. 560.) 

* Mr. Ballantyne thus describes the method of salting butter practised at his dairy farm of 
30 cows, near Edinburgh :—“ The butter is drawn warm from the churn, and il is an invari- 
able rule never to wash it or dip it into water, when intended to be salted. The dairymaid 
puts it into a clean tub, which is previously well rinsed with cold water, and then works it 
with cool hands till all the milk is thoroughly squeezed out. Half the allowed quantity of 
salt is then added, and well mixed up with the butter, and in this state it is allowed to stand 
till next morning, when it is again wrought up, any brine squeezed ont, and the remainder 
of the salt added. Itis then packed into kits, which, when full, should be well covered up, 
and placed in a cool dry store—a small quantity of salt is usually sprinkled on the surface, 


The proportion of salt used at this dairy is halfa-pound to fourteen pounds of bulter.”— 
Journal of Agriculture, New Series, vol. I., p. 26. 
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This is the first stage in the decomposition, which, when once begun, 
generally spreads or extends with increasing rapidity.* 

Again, I have also stated that this fluid (oleic) acid of butter absorbs 
oxygen with great rapidity from the air (p. 560), and changes rapidly into 
other compounds. ‘This is the second stage, and is succeeded by others, 
which it is unnecessary to enumerate. 

To this action of the air is partly to be ascribed that peculiar kind of 
rancidity, which, without penetrating into the interior of well packed 
butter, is yet perceptible on its external surface, wherever the air has 
come in contact with it. A knowledge of this action of the atmosphere, 
therefore, urges strongly the necessity of closely incorporating and knead- 
ing together the butter in the cask or firkin—that no air holes or openings 
for air be left—that the cask itself be not only water-tight but air-tight— 
and that it should never be finally closed till the butter has shrunk in as 
far as it is likely to do, and until the vacancies, which may have 
arisen between the butter and the cask, have been carefully filled up 
again. 


‘ 


§ 17. Of the natural and artificial curdling of milk. 


When milk is left to itself for a certain length of time it becomes sour 
and curdles. The curd and whey, however, do not readily separate un- 
less a gentle heat be applied, when the curd contracts in bulk, and either 
squeezes out and floats upon the whey, or, when cut into pieces or placed 
in a perforated cheese-vat, allows the whey freely to flow from it. If 
the mixed curd and whey from the entire milk be allowed to simmer for 
a length of time at a slow fire, the buttery part will separate from the 
cheese, and will float on the top in the form of a fluid oil. 

1°. Natural curdling.—The natural curdling of milk is produced by 
the lactic acid, which, as we have seen (p. 544), is always formed from 
the milk-sugar when milk is allowed to stand for any Jength of time in 
the air. It does notcurdle immediately upon becoming sour, for a reason 
which J shall presently explain. 

2°. Artificial curdling.—But it is not usual in the manufacture of 
cheese to allow the milk to sour and curdle of its own accord. The pro- 
cess is generally hastened by the artificial addition of acid, or of some 
substance, such as rennet, by which the natural production of acid is ae- 
celerated. Almost any acid substance will have the effect of curdling 
milk. Muriatic acid (spirit of salt), diluted with water, is said to be ex- 
tensively, though not universally, employed in Holland for this pur- 
pose. In other countries vinegar, f tartaric acid, lemon juice, cream of 


"Ido not know whether a converse change is ever observed in butter by long keeping in 
contact with brine—whether it ever becomes very sensibly harder. Tallow, as is well 
known to candle-makers, and especially to the manufacturers of stearin candles, becomes 
harder by keeping, indeed sometimes is unfit for use until it is a year old—candles in a damp 
plsse become harder by keeping—and in tallow that has lain long in a wet mine the oily part 

as been found entirely changed into the solid fat of tallow (Beetz) A similar change, 
therefore, is not impossible nor inexplicable in butter also—only if it ever do take place, we 
should expect the changed butter to be less solid and dense than before. 


t “ To coagulate a cotyla of milk we add a cyathus of sweet vinegar’’ (Dioseorides). Milk 
is also curdled by ardent spirits, by the juice of the fig, and by a decoction of the flowers of 
the artichoke, of the white and yellow bed-straw (ga/ium), and of the crowfoot (ranunculus 
Jlammula and lingula). The Tuscan ewe-cheese is curdled with the juice of the fresh, or 
with a decoction of the dried flowers of the wild thistle, or with the flowers of the artichoke, 
which gives a cheese of finer colour and less pungent taste. 
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tartar, and salt cf sorrel have been occasionally used, and in Switzerland 
—especially in the manufacture of the schabzieger cheese—it is cus- 
tomary to add merely a little sour milk for the purpose of producing the 
curd. 

3°. Chemical action of the acid.—But how does the acid act in causing 
the milk to curdle, and why is it necessary to allow a little time to 
elapse and to apply also a gentle heat before the curd will completely 
separate? 

In regard to casein or the cheesy matter of milk, we have seen (p. 
561)— 

a. That though nearly insoluble in pure water, it dissolves readily in 
water containing in solution a small quantity of potash or soda, either in 
the caustic or carbonated state. In other words the casein, which is an 
acid substance, unites chemically with the potash or the soda, and forms 
@ compound which is soluble in water. 

b. ‘That when an acid is added to this solution, it takes the potash or 
soda from the casein and combines with it, leaving the curd again in its 
original insoluble state, and causing it, therefore, to separate from the 
water. 

- Now in milk, as it comes from the cow, the casein is in chemical 
combination with a small quantity of soda, by which it is rendered so- 
luble in the water of which the milk chiefly consists. When the milk 
stands for a time in the air, the sugar of milk, as we have seen, is trans- 
formed into lactic acid—this acid takes the soda from the casein, and 
forms lactate of soda, and the cheesy matter, in consequence, being itself 
insoluble in water, separates in the form of curd. The application of a 
gentle heat acts in two ways. Itaids the acid in more completely taking 
the soda from the casein, and causes the latter at the same time to 
shrink in, to become less bulky, and thus to separate readily from the 
whey. 

If we add an acid artificially to milk, the effect is exactly the same. 
Either muriatic acid, or tartaric acid, or vinegar, or sour milk, will, in the 
same way, take the soda from the casein, and render it insoluble. And 
that this is the true action is readily proved by adding a little soda to 
curdled milk, when the curd will be re-dissolved, and the milk will be- 
come sweet. Add acid to it now, or let it sour naturally a second time, 
and the curd will again be separated. 

The action of rennet is in some degree different, though no less simple 
and beautiful. Let us first, however, consider what rennet is, and how 
it is prepared. 

§ 18. Of the preparation of rennet. 


Rennet is prepared from the salted stomach or intestines of the suck- 
ling calf, the unweaned lamb, the young kid, or the young pig.* In 
general, however, the stomach of the calf is preferred, and there are 
various ways of curing and preserving it. 

1°. Preparing the stomach.—The stomach of the newly killed animal 
contains a quantity of curd derived from the milk on which it has been 
fed. In most districts (Switzerland, Gloucester, Cheshire) it is usual to 


* Dried pig's bladder is often employed instead of the dried kid’s stomach for curdling the 
goat’s milk on Mont Dor. 
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remove by a gentle washing the curd and slimy matters which are pre- 
sent in the stomach, as they are supposed to impart a strong taste to the 
cheese. In Cheshire the curd is frequently salted ‘separately for imme- 
diate use. In Ayrshire and Limburg, on the other hand, the curd is 
always left in the stomach and salted along with it. Some even give 
the calf a copious draught of milk shortly before it is killed, in order that 
the stomach may contain a larger quantity of the valuable curd. 

2°. Salting the stomach.—In the mode of salting the stomach similar 
differences prevail. Some merely put a few handfuls of salt into and 
around it, then roll it together, and hang it near the chimney to dry. 
Others salt it in a pickle for a few days, and then hang it up to dry 
(Gloucester), while others again (Cheshire) pack several of them in 
layers with much salt both within and without, and preserve them in a 
cool place till the cheese-making season of the following year. They 
are then taken out, drained from the brine, spread upon a table, sprinkled 
with salt which is rolled in with a wooden roller, and then hung up to 
dry. In some foreign countries, again, the recent stomach is minced very 
fine, mixed with some spoonfuls of salt and bread-crumb into a paste, 
put into a bladder, and then dried. In Lombardy the stomach, after 
being salted and dried, is minced and mixed up with salt, pepper, and a 
little whey or water into a paste, which is preserved for use. [{Cattaneo, 
I] latte e i suoi prodotti, p. 204.] 

In whatever way the stomach or intestine of the calf is prepared and 
preserved, the almost universal opinion seems to be, that it should be 
kept for 10 or 12 months before it is capable of yielding the best and 
strongest rennet. If newer than 12 months, the rennet is thought in 
Gloucestershire ** to make the cheeses heave or swell, and become full 
of eyes or holes.” [British Husbandry, ii., p. 420.] 

3°. Making the rennet.—In making the rennet different customs also 
prevail. In some districts, as in Cheshire, a bit of the dried stomach is 
put into half a pint of lukewarm water with as much salt as will lie 
upon a shilling, is allowed to stand over night, and in the morning the 
infusion is poured into the milk. For a cheese of 60lbs. weight, a piece 
of the size of half-a-crown will often be sufficient, though of some skins 
as much as 10 square inches are required to produce the same effect [ Dr. 
Holland. ] 

It is perhaps more common, however, to take the entire stomach 
(dried-maws, vells, reeds, or yirning* they are often called), and to pour 
upon them from one to three quarts of water for each stomach, and to 
allow them to infuse for several days. If only one has been infused, and 
the rennet is intended for immediate use, the infusion requires only to be 
skimmed and strained. But if several maw-skins be infused—or, as is 
the custom in Cheshire, as many as have been provided for the whole 
season—about two quarts of water are taken for each, and, after stand- 
ing not more than two days, the infusion is poured off, and is completely 
saturated with’salt. During the summer it is constantly skimmed, and 
fresh salt added from time to time. Or a strong brine may at once 


* In Northumberland the dried stomach is sometimes called the keslap, which is evidently 
the German kése-lab, cheese-rennet. Leppert and lappert, applied in Northumberland and 
the West of Scotland respectively to sour, curdled milk, is derived from the same German 
dab, rennet, or Jaber, to coagulate. 


THEORY OF THE ACTION OF RENNET. 569 


be poured upon the skins, and the infusion, when the skins are taken 
out, may be kept fora length of time. Some even recommend that 
the liquid rennet should not be used until it is at least two months old. 
When thus kept, however, it is indispensable that the water should be 
fully saturated with salt. 

In Ayrshire, and in some other counties, it is customary to cut the 
dried stomach into small pieces, and to put it, with a handful or two of 
salt and one or two quarts of water, into a jar, to allow it to stand for two 
or three days, afterwards to pour upon it another pint for a couple of days, 
to mix the two decoctions, and, when strained, to bottle the whole for 
future use.. In this state it may be kept for many months.* 

In all the methods above described, the exhausted skins are thrown 
away. Where they are cut into pieces, as in Cheshire and Ayrshire, 
they cannot of course be put to any second use, but where they are steeped 
whole, there is every reason to believe that they might be used with al- 
most equal advantage a second or even a third time. Accordingly, it 
has long been the custom in the north of England to re-salt the stomach 
after it has been once steeped, and when long dried, as before, to use it 
a second and even a third time for the preparation of rennet. When we 
explain the mode in which rennet acts, yeu will see that the same sKin 
may, with good reason, be expected to yield a good rennet, after being 
salted again and again for an indefinite number of times. 

In making rennet, some use pure water only, others prefer clear whey, 
others a decoction of leaves—such as those of the sweetbriar, the dog- 
rose, and the bramble—or of aromatic herbs and flowers, while others, 
again, put in le:nous, cloves, mace, or brandy. These various practices 
are adopted for the purpose of making the rennet keep better, of lessen- 
ing its unpleasant smell, of preventing any unpleasant taste it might 
give to the curd, or finally of directly improving the flavour of the cheese. 
The acidity of the lemon will, no doubt, increase also the coagulating 
power of any rennet to which it may be added. 

4°. How the rennet is used. —The rennet thus prepared is poured into 
the milk previously raised to the temperature of 90° or 95° F., and is 
intimately mixed with it. The quantity which it is necessary to add 
varies with the quality of the rennet—from a table-spoonful to half a 
pint for 30 or 40 gallons of milk. The time unecessary for the complete 
fixing of the curd varies also from 15 minutes to an hour or even an hour 
and a half. The chief causes of this variation are the temperature of the 
milk, and the quality and quantity of the rennet employed. 

But how does the rennet act in causing this coagulation? Before 
we can answer this question it is necessary to enquire what rennet 
really is. 


§19. Theory of the action of rennet. 


It has been stated, and hitherto almost generally received, that the only 
effective substance contained in rennet is the gastric juice derived from 
the stomach of the calf. To this persuasion is, no doubt, to be ascribed 


* A table-spoonful of this rennet, according to Mr. Aiton, will coagulate 30 gallons of milk, 
and will curdie it in five or ten minutes, whereas the English rennet requires from one to 
three hours. This superiority he ascribes to the custom of leaving the curdled milk in the 
stomach. He denies also that this milk gives any harsh taste to the cheese. 
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the custom both of preserving the natural contents of the stomach—and 
of generally throwing away the bag after being once salted, dried, and 
extracted. ‘The gastric juice which exudes fiom the interior surface of 
the stomachs of all animals is known to curdle milk readily, and, there- 
fore, it was natural to ascribe the action of rennet to the presence of this 
substance, and to infer that, veing once extracted, it was in vain to ex- 
pect much advantage from salting and infusing the membrane a second 
time. But the three facts— 

a. That in most places it is customary to wash the interior of the 
stomach before salting it, and thus to remove the greater part of the gas- 
tric juice it may contain ; 

b. That besides, in many places, the bags are laid up in brine for 
weeks and months, and are then drained out of this brine before they are 
dried—by which any gastric juice remaining must be almost entirely re- 
moved,—and 

ec. That after being dried and steeped once for the preparation of ren- 
net, experience has proved that they may again be salted and used over 
again ; 

—these three facts, I think, shew that the efficacy of rennet does not de- 
pend upon any thing originally contained in the stomach, but upon 
something derived from the substance of the stomach tiself. 

Now when considering the properties of milk-sugar and of lactie acid, 
I have stated that if a piece of the fresh membrane ‘of the stomach or in- 
testine, or even of the bladder of an animal, be exposed to the air for a 
few days, and be then immersed into a solution of milk-sugar, it will 
gradually transform the sugar into lactic acid. In milk this membrane 
would produce a similar effect, aiding and hastening the natural souring 
and curdling effect of the casein. By exposure to the air, the surface of 
the membrane has undergone such a degree of change or decomposition, 
as enables it to induce the elements of the sugar to alter their mutual 
arrangement, and to unite together in such a way as to form lactic acid. 

If the moist membrane be exposed for a longer time to the air this 
change of its surface will penetrate deeper, and it will become more ef- 
fective in inducing the transformation of the sugar into lactic acid. But, 
at the same time, a portion of its surface may run into a state of putre- 
faction, and besides acquiring a disagreeable odour may become capable 
also of bringing on fermentation and putrefactive decay in the solutions 
upon which it may be made to act. It is not expedient, therefore, to at- 
tempt to heighten the transforming effect of animal membranes by 
exposing them for a greater length of time to the air ina moist and fresh 
state. 

But if the membrane be salted, and thus preserved from the rapid 
action of the air, it will be protected from putrefaction in a great degree, 
while, at the same time, it will undergo that gradual change upon its 
surface to which its power of transforming solutions of sugar is ascribed. 
And this change will be materially hastened and increased and made to 
penetrate deeper, if the salted membrane be sibectae ny dried slowly 
in the air by a gentle heat, and be afterwards kept for a length of time 
where the air has more or less ready access to it. Such is the mode of 
treatment to which the calf’s stomach is subjected for the preparation of 
rennet, and it is an important practical observation that the membrane 


WHEN EXPOSED A SHORT TIME TO THE AIR. 571 


should be kept at least 12 months, if it is to acquire very powerful 
coagulating properties. - 

It is necessary further to remind you that when malt is steeped in 
water for a few minutes, a substance, “named diastase, 1s extracted from 
it, which possesses the remarkable property of changing starch into 
sugar in a very short time, and in large quantity (p. 119). Now if this 
diastase be exposed to the air for a length of time, it undergoes a change 
similar to that experienced by the surface of animal membranes, and 
acquires the property of transforming sugar into lactic acid. After un- 
dergoing this change it still dissolves “readily i in water, and if a solution 
of it be poured into one of sugar, the transformation of the latter into lactic 
acid gradually proceeds. ‘There exist, therefore, substances soluble in 
water, which possess the same power as slightly decayed but insoluble 
animal membrane, of converting sugar into lactic acid. 

During the protracted drying and decay of the salted stomach, the 
change undergone at length by the surface of the membrane is such as to 
produce a quantity of matter capable of dissolving in water, and which 
also possesses the property of quickly converting ‘the sugar into the acid 
of milk. This matter, water extracts from the dried skin, and it forms 
the active ingredient in rennet. 

I need not further explain to you upon what this activity depends— 
since as you already know any thing which will rapidly change sugar 
into lactic acid, will also, if gently warmed, rapidly curdle milk (p. 
567). 

‘has the action of rennet resolves itself simply into a curdling of milk 
by the action of its own acid. It is the same thing as when sour milk 
in Switzerland is at once mixed with that from which the cheese is to be 
made; or it is only a more speedy way of bringing about the curdling 
that takes place when milk sours naturally and is then gently warmed 
till the curd separates. 

But how, it may be asked, is the coagulation effected so much more 
rapidly by the action of rennet than when the milk is left to sour of its 
own accord? It is because the whole of the animal matter in the rennet 
is already in the state in which it easily transforms the sugar into acid, 
and being intimately mixed with the whole milk in a warm state, it pro- 
duces acid near every particle of the cheesy matter. From this 
cheesy matter the acid formed takes away the soda that holds it in solu- 
tion, and thus renders it insoluble or curdles the milk. In milk, on the 
other hand, which is left to sour and curdle of itself, the casein must first 
be changed by the action of the air before it can transform the sugar and 
produce acid. This change takes place more or less slowly, and chiefly 
at the surface of the milk where it is in contact with the air. The sour- 
ing, therefore, must also proceed slowly, and the curdling of which it is 
the cause. 

It is no objection to this explanation of the action of rennet, that neither 
the milk nor the whey become sensibly sour during the separation of the 
eurd. The acid, as it is produced, combines directly with the soda pre- 
viously united to the curd, and renders the latter insoluble—while, if 
any excess of acid do happen to be formed, it is in great part taken up 
and retained mechanically by the curd, and thus is not afterwards sen- 
sibly perceived in the whey. 
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Using the same skin a second time.—lf this then be a true explanation 
of the action of rennet—if the coagulating ingredient in it be merely a 
portion of the changed membrane of Fthe stomach itself—it is obvious that 
the bag, after being once used, may be again salted and dried with ad- 
vantage. The slow decay may, after a second salting, become still 
slower, and thus it may require to be longer kept after the second than 
after the first salting, before it will give a rennet as powertul as that 
which was first extracted from it. But unless it be merely the inner 
membrane of the stomach and intestines which is capable of undergoing 
that kind of change upon which the coagulating power depends, there is 
no apparent reason, as [ have already stated to you, why the same 
maw- skin may not be salted, dried, and steeped many times over. 

Use of whey.—Again, in the making of rennet there seems some pro- 
priety in the use of whey rather than of water. ‘he whey may contain 
a portion of the rennet which had been added to the milk from which 
it was extracted, and may thus be able of itself to curdle milk. It is 
sure also to contain some milk-sugar, which, being changed into acid 
when the whey is poured upon the dried stomach, will add to the coag- 
ulating power of the rennet obtained. 

Use of the curdled milk contained in the stomach.—Does the view we 
have taken of the action of rennet throw any light upon the use of the 
curdled milk found in the stomach? Is it of any service, or ought it to 
be rejected? P 

We are certain that it must be of service in coagulating milk, since in 
Cheshire, according to Dr. Holland, it is frequently taken out and salted 
by itself for immediate use. But a slight consideration of the properties 
of casein, as I have already stated them to you (p. 562), will explain 
why this curdy matter should be serviceable for such a purpose. 

You will recollect that casein, after being exposed to the air for a short 
time, acquires, like animal membranes, the property of converting sugar 
into lactic acid (p. 562), and. of curdling milk. Now the curdy matter 
taken from the stomach of the calf, after being exposed to the air, ac- 
quires this property as completely as a more pure curd will do. If salted 
and kept, it will be changed still further, and will acquire this property 
in a greater degree. In short, keeping will affect the curd precisely in 
the same way as it does the membrane of the stomach itself, and will 
render it alike fit to be employed in the preparation of rennet. Nor is 
it unlikely that fresh well-squeezed curd, if mixed with much salt and 
kept in slightly covered jars for 10 or 12 months, might yield a rennet 
possessed of good coagulating properties. 

It thus appears that, so far as economy is concerned, the curdy matter 
contained in the calf’s stomach ought to be preserved and salted for use. 
If in any district this curd be suspected to impart an unpleasant flavour 
to the cheese, this bad effect may probably be remedied by taking it out 
vi the stomach, washing it well with water—as is done in some dairy 
districts—mixing it with salt, and then returning it into the stomach 
again, 

Another practical conclusion may also be drawn from this explanation 
of the action of the stomach. Since it is the membrane alone that acts, 
there can no loss accrue by earefully washing the stomach as well as 
the curd it contains. On the contrary, by so doing we .may remove 
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from its inner surface some substances which, if allowed to remain, might 
afterwards act injuriously upon the flavour or upon the other qualities of 
the cheese. 


§ 20. Of the circumstances by which the quality of cheese is affected. 


All cheese consists essentially of the curd mixed with a certain por- 
tion of the fatty matter and of the sugar of milk. But differences in the 
quality of the milk, in the proportions in which the several constituents 
of milk are mixed together, or in the general mode of dairy manage- 
ment, give rise to varieties of cheese almost without number. Nearly 
every dairy district produces one or more qualities of cheese peculiar to 
itself. It will not be without interest to attend briefly to some of these 
te of diversity. 

Natural differences in the milk.—It is obvious that whatever gives 
rise Bis natural ditferences in the quality of the milk mist affect also that 
of the cheese prepared from it. If the milk be poor in butter, so must 
the cheese be. If the pasture be such as to give a milk rich in cream, 
the cheese will partake of the same quality. If the herbage or other food 
affect the taste of the milk or cream, it will also modify the flavour of the 
cheese. 

2°. Milk of different animals.—So the milk of different animals 
will give cheese of unlike qualities. The ewe-milk cheeses of Tuscany, 
Naples, and Languedoc, and those of goat’s milk made on Mont Dor 
and clsewhere, are celebrated for qualities which are not possessed by 
cheeses prepared from cow’s milk ina similar way. Buffalo milk also 
gives a cheese of peculiar qualities, which is manufactured in some parts 
of the Neapolitan territory. 

Other kinds of cheese again are made from mixtures of the milk of dif 
ferent animals. Thus the strong tasted cheese of Lecea and the cele- 
brated Roquefort cheese are prepared from mixtures of goat with ewe- 
milk, and the cheese of Mont Cenis* from both of these mixed with the 
milk of the cow.+ 

3°. Creamed or uacreamed milk.—Still further differences are pro- 
duced according to the proportion of cream which is left in or is added to 
the milk. Thus if cream only be employed, we have the rich cream- 
cheese which must be eaten in a comparatively recent state. Or, if the 
cream of the previous night’s milking be added to the new milk ‘of the 
morning, we may have such cheese as the Svilion of E ngland, or the 
smal]. soft, and rich Brie cheeses, so much esteemed in France. If the 
entire milk only be used, we have such cheeses as the Cheshire, the 
Double Gloucester, the Cheddar, the ar and the Dunlop cheeses 
of Britain, the Kinnegad cheese, I believe, of Ireland, and the Gouda and 
Edam cheeses of Holland. Even here, however, it makes a difference 
whether the warm milk from the cow is curdled alone, as at Gouda and 
Edam, or whether it is mixed with the milk of the evening before, as is 
generally done in Cheshire and Ayrshire. Many persons are of opin- 
ion that cream, which has once been separated, can never be so well 


* Leera i: a province in the Eastern part of the Neapolitan territory ; Roquefort, a town 
in the pastoral department of Aveiron, in the South of France, famed for its sheep; and 
Mont Cenis, a mountain in Savoy. 


t The milk of 2 goats is mixed with that of 20 sheep and 5 cows. 
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mixed again with the milk, that a portion of the fatty matter shall not 
flow out with the whey and render the cheese less rich. 

If, again, the cream of the evening’s milk be removed, and the skim- 
med milk added to the new milk of the next morning, such cheeses as 
the Single Gloucester are obtained. If the cream be taken once from 
all the milk, the better kinds of skimmed-milk cheese, such as the Dutch 
cheese of Leyden, are prepared—while if the milk be twice skimmed, 
we have the poorer cheeses of Friesland ana Groningen. If skimmed 
for three or four days in succession, we get the hard and horny cheeses 
of Essex and Sussex, which often require the axe to break them up. 

4°. Butter-milk cheese.—But poor or butterless cheese will also differ 
in quality according to the state of the milk from which it is extracted. 
If the new milk be allowed to stand to throw up its cream, and this be 
then removed in the usual way, the ordinary skimmed-milk cheese will 
be obtained by adding rennet to the milk. But if, instead of skimming, 
we allow the milk to stand till it begins to sour, and then remove the 
butter by churning the whole, we obtain the milk in a sour state (buéter- 
milk). From this milk the curd separates naturally by gentle heating. 
But being thus prepared from sour milk and without the use of rennet, 
butter-milk cheese differs more or less in quality from that which is made 
from sweet skimmed milk. 

The.acid in the butter-milk, especially after it has stood a day or two, 
is capable of coagulating new milk also, and thus, by mixing more or 
less sweet milk with the butter-milk before it is warmed, several other 
qualities of mixed butter and sweet mulk cheese may readily be manu- 
factured. 

If, as is stated by Mr. Ballantyne, the churning of the whole milk 
gives butter in larger quantity, of better quality, and more uniformly 
throughout the whole year (p. 555), the manufacture of these butter-milk 
cheeses is deserving of the attention of dairy farmers, especially in those 
districts where butter is considered as the most important produce. 

5°. Whey-cheese.—The whey which separates from the curd, and 
especially the white whey, which is pressed out towards the last, contains 
a portion of curd, and not unfrequently a considerable quantity of butter 
also. When the whey is heated, the curd and butter rise to the surface, 
and are readily skimmed off. This curd alone will often yield a cheese 
of excellent quality, and so rich in butter, that a very good imitation of 
Stilton cheeee may sometimes be made with alternate layers of new 
milk-curd and this curd of whey. 

6°. Mixtures of vegetable substances with the milk.—New varieties 
of cheese are formed by mixing vegetable substances with the curd. A 
green decoction of two parts of sage-leaves, one of marigold, and a little 
parsley, gives its colour to the green cheese of Wiltshire; some even mix 
up the entire leaves with the curd. The celebrated Schabzieger cheese 
of Switzerland is made by crushing the skim-milk cheese afier it is se- 
veral months old to fine powder in a mill, mixing it then with one-tenth 
of its weight of fine salt and one-twentieth of the powdered leaves of the 
mellilot trefoil (trifolium melilotus cerulea), and afterwards with oil or 
butter—working the whole into a paste, which is pressed and carefully 
dried. : 

Potato cheeses, as they are called, are made in various ways. One 
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pound of sour milk is mixed with five pounds of boiled potatoes and a 
little salt, and the whole is beat into a pulp, which, after standing five or 
six days, is worked up again, and then dried in the usual way. Others 
mix three parts of dried boiled potatoes with two of fresh curd, or equal 
weights, or more curd than potato according to the quality required. 
Such cheeses are made in Thuringia, in Saxony, and in other parts of 
Germany. In Savoy, an excellent cheese is made by mixing one of the 
pulp of potatoes with three of ewe milk curd, and in Westphalia a po- 
tato cheese is made with skimmed milk. This Westphalian cheese, 
while in the pasty state, is allowed to undergo a certain extent of fer- 
mentation before it is finally worked up with butter and salt, made into 
shapes and dried. The extent to which this fermentation is permitted to 
go determines the flavour of the cheese. 


§ 21. Circumstances under which cheese of different qualities may be 
obtained from the same milk. 


But from the same milk, in the same state, different kinds or qualities 
of cheese may be prepared according to the way in which the milk or 
the curd is treated. Let us consider also a few of the circumstances by 
which this result may be brought about. 

1°. Temperature to which the milk is heated. —The temperature of new 
or entire milk, when the rennet isadded, should be raised to about 95° F’. 
—that of skimmed milk need not be quite so high. Ifthe milk be 
warmer the curd is hard and tough, if colder, it is soft and difficult to ob- 
tain free from the whey. When the former happens to be the case, a 
portion of the first whey that separates may be taken out into another 
vessel, allowed to cool, and then poured in again. If it prove to have 
been too cold, hot milk or water may be added to it—or a vessel contain- 
ing hot water may be put into it before the curdling commences—or the 
first portion of whey that separates may be heated and poured again 
upon the curd. The quality of the cheese, however, will always be 
more or less affected when it happens to be necessary to adopt any of 
these remedies. To make the best cheese, the true temperature should 
always be attained as nearly as possible, before the rennet is added. 

2°. Mode in which the milk is warmed.—lf, as is the case in some 
dairies, the milk be warmed in an iron pot upon the naked fire, great care 
must be taken that it is not singed or fire-fanged. A very slight inat- 
tention may cause this to he the case, and the taste of the cheese is sure 
to be more or less affected by it. In Cheshire the milk is put into a large 
tin pail, which is plunged into a boiler of hot water, and frequently stir- 
red till it is raised tothe proper temperature. In large dairy establish- 
ments, however, the safest method is to have a pot with a double bottom, 
consisting of one pot within another—after the manner of a glue-pot—the 
space between the two being filled with water. The-fire applied be- 
neath thus acts only upon the water, and can never, by any ordinary 
neglect, do injury tothe milk. It is desirable in this heating, not to raise 
the temperature higher than is necessary, as a great heat is apt to give 
an oiliness to the fatty matter of the milk. i 

3°. The time during which the curd stands is also of importance. It 
should be broken up as soon as the milkis fully coagulated. The longer 
it stands after this the harder and tougher it will become. 
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4°. The quality of the rennet is of much importance not only in regard 
to the certainty of the coagulation, but also to the flavour of the cheese. 
In some parts of Cheshire, as we have seen, it is usual to take a piece 
of the dried membrane and steep it overnight with a little salt for the 
ensuing morning’s milk. It is thus sure to be fresh and sweet if the 
dried maw be in good preservation. But where it is customary to steep 
several skins at a time, and to bottle the rennet for after-use, it is very 
necessary to saturate the solution completely with salt and to season it 
with spices, in order that it may be preserved in a sweet and wholesome 
state. In some parts of Scotland the rennet is said to be frequently kept 
in bottles till it is almost putrid, and in this state is still put into the milk. 
Such rennet may not only impart a bad taste to the cheese, but is likel 
also to render it more difficult to cure and to bring on putrefaction after- 
wards and a premature decay. 

5°. The quantity of rennet added ought to be regulated as carefully 
as the temperature of the milk. ‘Too much renders the curd tough ; too 
little causes the loss of much time, and may permit a larger portion of 
the butter to separate itself from the curd. It is to be expected also that 
when rennet is used in great excess, a portion of it will remain in the 
curd, and will naturally affect the kind and rapidity of the changes it 
afterwards undergoes. Thus it is said to cause the cheese to heave or 
swell out from fermentation. It is probable also that it will affect the 
flavour which the cheese acquires by keeping. Thus it may be that the 
agreeable or unpleasant taste of the cheeses of certain districts or dairies 
may be less due to the quality of the pastures or of the milk itself, than 
to the quantity of rennet with which it has there been customary to co- 
agulate the milk. 

6°. The way in which the rennet is made, no less than its state of pre- 
servation and the quantity employed, may also influence the flavour or 
other qualities of the cheese. For instance, in the manufacture of a 
celebrated French cheese—that of E poisse—the rennet is prepared as fol- 
lows:—Four fresh calf-skins, with the curd they contain, are well 
washed in water, chopped into small pieces, and digested in a mixture 
of 5 quarts of brandy with 15 of water, adding at the same time 24 Ibs. 
of salt, half an ounce of black pepper, and a quarter of an ounce each 
of cloves and fennel seeds. At the end of six weeks the liquor is filtered 
and preserved in well corked bottles, while the membrane is put into salt- 
water to form a new portion of rennet. For making rich cheeses, the 
rennet should always be filtered clear. [Tl latte e i suoi prodotti, p. 274.] 

Again, on Mont Dor, the rennet is made with white wine and vinegar. 
An ounce of common salt is dissolved in a mixture of half a pint of 
vinegar with 2s pints of white wine, and in this solution a prepared 
goat’s stomach or a piece of dried piy’s bladder is steeped for a length of 
time. A single spoonful of this rennet is said to be sufficient for 45 or 
50 quarts of milk. No doubt the acid of the vinegar and of the wine aid 
the coagulating power derived from the membrane. 

Rennets prepared in the above ways must affect the flavour of the 
cheese differently from such as are obtained by the several more or less 
careful methods usually adopted in this country. 

7°. When acids are used alone—as vinegar, tartaric acid, and muria- 
tic acid sometimes are—for coagulating the milk, the flavour of the 
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cheese can scarcely fail to be in some measure different from that which 
is prepared with ordinary rennet. 

8°. The way in which the curd is treated.—It is usual in our best 
cheese districts carefully and slowly to separate the curd from the whey— 
not to hasten the separation, lest a larger portion of the fatty matter should 
be squeezed out of the curd and the cheese should thus be rendered poorer 
than usual. But in some places the practice prevails of washing the 
curd with hot water after the whey has been partially separated from it. 

Thus at Gouda in Holland, after the greater part of the whey has been 
gradually removed, a quantity of hot water is added, and allowed to re- 
maio upon it for at least a quarter of an hour. ‘The heat makes the 
cheese more solid and causes it to keep better. 

In Italy, again, the so-called pear-shaped caccio-cavallo cheeses and 
the round palloni cheeses of Gravina, in the Neapolitan territory, are 
made from curd, which, after being scalded with boiling whey, is cut into 
slices, kneaded in boiling water, worked with the hand till it is perfectly 
tenacious and elastic, and then made into shapes. The water in which 
the curd is washed, after standing 24 hours, throws up much oily mat- 
ter, which is skimmed off and made into butter. 

The varieties of cheese prepared by these methods no doubt derive the 
peculiar characters upon which their reputation depends from the treat- 
ment to which the curd is subjected—but it is obvious that none of them 
can be sorich as acheese from the same milk would be, if manufactured 
in a Cheshire, a Wiltshire, or an Ayrshire dairy. 

9°. The separation of the whey is a part of the process upon which the 
quality of the cheese in a considerable degree depends. In Cheshire 
more time and attention is devoted to the perfect extraction of the whey 
than in almost any other district. Indeed, when it is considered that the 
whey contains sugar and lactic acid, which may undergo decomposition, 
and a quantity of rennet which may bring on fermentation—by both of 
which processes the flavour of the cheeses must be considerably affected 
—it will appear of great importance that the whey should be as com- 
pletely removed from the curd as it can possibly be. To aid in effecting 
this a curd-mill, for chopping it fine after the whey is strained off, is in 
use in many of the large English dairies, and a very ingenious, and I 
believe effectual, pneumatic cheese-press for sucking out the whey was 
invented by the late Sir John Robinson, of Edinburgh. [Transactions 
and Prize Essays of the Highland Society, vol. x., p. 204.] 

But the way in which the whey is separated is not a matter of indif- 
ference, and has much influence upon the quality of the cheese. Thus 
in Norfolk, according to Marshall, when the curd is fairly set, the dairy- 
maid bares her arm, plunges it into the curd, and with the help of her 
wooden ladle breaks up minutely and intimately mixes the curd with the 
whey. This she does for 10 or 15 minutes, after which the curd is al- 
lowed to subside, and the whey is drawn off. By this agitation 
the whey must carry off more of the butter and the cheese must be 
poorer. 

In Cheshire and Ayrshire, again, the curd is cut with a knife, but is 

rently used and slowly pressed till it isdry enough to be chopped tine, and 

thus more of the oily matter is retained. On the same principle, in makin 

the Stilton cheese, the curd is not cut or broken at all, but is ssi 
: 
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gently and with care till the whey gradually drains out. Thus the butter 
and the curd remain intermixed, and the rich cheese of Stilton is the result. 

Thus you will see that while it is of importance that all the whey 
should be extracted from the curd, yet that the quickest way may not he 
the best. More time and care must be bestowed in order to effect this 
object, the richer the cheese we wish to obtain. You will see, also, how 
the quality of the milk or of the pastures may often be blamed for de- 
ficiencies in the richness or other qualities of our cheese, which are 
in reality due to slight but material differences in our mode of manufac- 
turing it. 

10°. The kind of salt used is considered by many to have some effect 
upon the taste of the cheese. Thus the cheese of Geromé, in the Vos- 
ges, is supposed to derive a peculiar taste from the Lorena salt with 
which it is cured. In Holland, also, the efficacy of one kind of salt 
over another for the curing of cheese is generally acknowledged, [British 
Husbandry, li., p- 424.3 “Tt is indeed not unlikely that the more or Jess 
impure salts of different localities may affect the flavour of the cheese, 
but wherever the salt may be manufactured, it is easy to obtain it in a 
uniform and tolerably pure state, by the siniple process of purification, 
which I have already described to you (p. pay 

11°. Lhe mode in which the salt is applied.—In making the large 
Cheshire cheeses the dried curd, for a single cheese of 60 Ibs., is broken 
down fine and divided into three equal portions. One of these ‘is 
mingled with double the quantity of salt added to the others, and this 
is so put into the cheese-vat as to form the central part of the cheese. 
By this precaution the after-salting on the surface is sure to penetrate 
deep enough to cure effectually the less salted parts. In the counties of 
Gloucester. and Somerset the curd is pressed without salt, and the cheese, 
when formed, is made to absorb the whole of the salt afterwards through 
its surface. This is found to answer well with the small and thin 
cheeses mace in these counties, but were it adopted for the large cheeses 
of Cheshire and Dunlop, or even for the pine-apple cheeses of Wiltshire, 
there can be no doubt that their quality would frequently be injured. It 
may not be impossible to cause salt to penetrate into the very heart of a 
large cheese, but it cannot be easy in this way to salt the whole cheese 
equally, while the care and attention required must be greatly increased. 

12°. Addition of cream or butter to the curd.—Another mode of im- 
proving the quality of cheese is by the addition of cream or butter to the 
dried and crumbled curd. Much diligence, however, is required fully 
to incorporate these, so that the cheese may be uniform throughout. Still 
this practice gives a peculiar character to the cheeses of certain districts. 
Tn Italy they make acheese after the manner of the English, [Il latte e i 
suoi prodotti, p. 277], into which a considerable quantity of butter is 
worked; and the Reckem cheese of Belgium is made by adding half an 
ounce of butter and the yoke of an egg to every pound of pressed curd. 

13°. The colouring matter added to the cheese is thought by many to 
affect its quality. In foreign countries saffron is very generally used to 
give a colour to the milk before it is coagulated. ‘In Holland and in 
Cheshire annatto is most commonly employed, while in other dis- 
tricts the marigold or the carrot, boiled in milk, are the usual colouring 
matters. 
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The quantity of annatto employed is comparatively small—less than 
nalf an ounce to a cheese of 60 lbs.—but even this quantity is considered 
by many to be an injurious admixture. [lence a native of Cheshire 
prefers the uncoloured cheese, the annatto being added to such only as 
are intended for the London or other distant markets. 

14°. Size of the cheese. —F rom the same milk it is obvious that cheeses 
of different sizes, if treated in the same way, will at the end of a given 
nurober of months possess qualities in a considerable degree different. 
Hence, without supposing any inferiority, either in the milk or in the ge- 
neral mode of treatment, the size usually adopted for the cheeses of a 
particular district or dairy, may be the cause of a recognized inferiority 
in some quality which it is desirable that they should possess in a high 
degree. 

15°. The method of curing has very much influence upon the after- 
qualities of the cheese. The care with which they are salted—the 
warmth of the place in which they are kept during the first two or three 
weeks—the temperature and closeness of the cheese-room in which they 
are afterwards preserved—the frequency of turning, of cleaning from 
mould, and of rubbing with butter—all these circumstances exercise a 
remarkable influence upon the after-qualities of the cheese. Indeed, in 
very many instances the high reputation of a particular dairy district or 
dairy farm is derived from some special attention to one or other or to all 
of the apparéntly minor points to which I have just adverted. 

In Tuscany, the cheeses, after being hung up forsome time at a proper 
distance from the fire, are put to ripen in an underground cool and damp 
ecllar; and the celebrated French cheeses of Roquefort are supposed to 
ewe much of the peculiar estimation in which they are held, to the cool 
and uniform temperature of the subterranean eaverns in which the 
inhabitants of the village have long been accustome] to preserve them. 

In Rosshire it is said to be the custom with some proprietors to bury 
their cheeses under the sea sand at low water, and that the action of 
the sea-water in this situation renders them more juicy and of an exquisite 
flavour. 

16°. Ammoniacal checse.—The influence of the mode of curing upon 
the quality is shown very strikingly in the small ammoniacal cheeses of 
Brie, which are very much esteemed in Paris. ‘They are soft unpressed 
cheeses, which are allowed to ripen in a room the temperature of which 
is kept between 60° and 70° F. till they begin to undergo the putrefac- 
tive fermentation and emit an ammoniacal odour. They are ge- 
nerally unctuous, and sometimes so small as not to weigh more than an 
ounce. 

A little consideration, indeed, will satisfy you, that by varying the 
mode of curing, and especially the temperature at which they are kept, 
you may produce an almost endless diversity in the quality of the cheeses 
you bring into the market. 

17°. Inoculating cheese.—It is said that a cheese, possessed of no 
very striking taste of its own, may be inoculated with any flavour we 
approve of, by putting into it with a scoop a small portion of the cheese 
which we are desirous that it should be made to resemble. Of course 
this can apply ouly to cheeses otherwise of equal richness, for we could 
scarcely expect to give a single Gloucester the flavour of a Stilton, 
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by merely putting into it a small portion of a rich and esteemed Stilton 
cheese. 


§ 22. Of the average quantity of cheese yielded by different varieties of 
milk, and of the produce of a single cow. 

There appear to be very great differences in the proportions of cheese 
yielded by milk at different seasons and in different localities, 

In milk, of an average quality, there are contained from 4 to 5 percent. 
of casein or dry cheesy matter (p. 534),which, if all extracted, would give— 
6 lbs. to 7 lbs. of skimmed milk cheese, or 2 from 100 lbs. of 

9 lbs. to 10 lbs. of entire milk cheese, milk. 

This is very nearly the proportion actually obtained in some of the 

best dairy districts in the summer season. 'Thus— 
In Ayrshire—10 lbs. of milk, or 2 gave 1 lb. of whole milk 
1 imperial gallon, cheese ; 
or 136 wine quarts gave 1272 lbs. of cheese three months old.* 
In Gloucester—7 lbs. of milk, or ? gave 1 lb. of double 

3% wine quarts, ‘ Gloucester ; 
this is a much larger proportion, and is probably much above the average 
of the county. 

In Holstein, it is said that 100 Ibs. of milk will give about— 

New skimmed milk cheese . . . . . « 6 Ibs. 
BERLED FOOL VOLT: TP te ee ey tea eee Ye 
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100 Ibs. 

But this statement is so far indefinite that it affords us no means of 
judging how much curd is left in the butter-milk, nor how much water 
was present in the new cheese. Indeed, most of the statements on record 
are deficient in this respect, that the dryness of the cheese is not accu- 
rately expressed. 

In Cheshire, the average produce of a cow is reckoned at 360 lbs. of 
whole milk cheese, or about 1 lb. per day for the whole year. Taking 
8 wine quarts of milk as the average daily yield of a cow in that county, 
we haveas the average produce of the milk the whole year through— 

1 lb. of cheese from 8 wine quarts, or 16 lbs. of milk. 

It is indeed undoubted, that the proportion of cheese varies very 
much with the season of the year and with the dryness of the weather. 
Thouzh, therefore, in summer 7 or 8 Ibs. of milk may sometimes yield 
a pound of cheese, it is possible that as much as 20 lbs. of milk may at 
other seasons be required to give the same quantity. Thus in— . 

South Holland, the summer produce of a cow is reckoned at about 200 
Ibs. of skimmed milk cheese, and 80 lbs. of butter; or in a week 10 lbs. 
of skia:med milk cheese, and 4 to 7 lbs. of butter. Of whole ‘milk 
cheese some expect as much as 3 or 4 lbs. a day. 

* Mr. Alexander, of Southbar, informs me that the result of his experience with a dairy 
of 40 cows in the higher part of Ayrshire, near Muirkirk, is, that— 

90 imperial quarts of sweet milk give an Ayrshire stone of 24 lbs. of full milk cheese, 
while the same quantity of skim milk gives only 16 lbs. of skimmed milk cheese. That is 
be ern 
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14 Ibs, of skim-milk give 1 lb. of skim-milk cheese (see p. 585). 
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In Switzerland, generally, a cow, giving 12 quarts of milk a day will, 
during the summer, yield a daily produce of 13 lbs. of whole or full milk 
cheese—or 102 quarts of milk, about 21 lbs., will give a pound of cheese. 

In the high pastures of Scaria, again, in the same country, one cow 
will give for the 90 days of summer about 60 lbs. of skinmed-milk 
cheese and 40 lbs. of butter—or 11 ounces of cheese per day. 

It appears, therefore, as we should otherwise expect, that the average 
produce of cheese is affected by many circumstances—but that in this 
country 8 to 16 lbs. of good milk, in the summer season, will yield one 


pound of whole milk cheese. 


§ 23. Of the fermented liquor from milk, and ef milk vinegar. ( 


Milk is capable ef undergeing what is called the vinous fermentation, 
and of yielding an intoxicating liquor. The Tartars prepare such a 
liquor from mare’s milk, to which the name of koumiss is given. Whe 
made from cow’s milk it is called airen, and is less esteemed becaus 
generally ef a weaker quality. The Arabians and Turks prepare a si- 


milar liquor, which the former cail /eban, and the latter yaourt. In they 
Orkuey Islands, and in some parts of the north of Scotland and Ireland,’ 


butter-milk is sometimes kept till it undergoes the vinous fermentation, \ 


and acquires intoxicating qualities. 

It is the sugar contained in milk which, by the fermentation, is changed 
into alcohol. As mare’s milk, like that of the ass, contains more sugar 
{p- 534) than that of the cew, it gives a stronger liquor, and is therefore 
naturally preferred by the Tartars. By distillation ardent spirits are ob- 
tained from koumiss, and when carefully made in close vessels, a pint of 
the liquor will yield half an ounce of spirit. The kowmiss is prepared in 
the following manner: 

To the new milk, diluted with a sixth of its bulk of water, a quantity 
of rennet, or what is better, of sour koumiss, is added, and the whole is 
covered up in a warm place for 24 hours. It is then stirred or churned 
together till the curd and whey are intimately mixed, and is again left 
at rest for 24 hours. At the end of this time it is put into a tall vessel, 
and agitated till it becomes perfectly homogeneous. It bas now an agree- 
able sourish taste, and in a ceol place may be preserved for several 
months in close vessels. [tis always shaken up before itis drunk. This 
liquor, from the cheese and butter it contains, is a nourishing as well as 
an exhilarating drink, and is not follewed by the usual bad effects of in- 
toxicating liquors. It is even recommended as a wholesome article of 
diet in cases of dyspepsia or of general debility. 

Milk vinegar.—If the koumiss be kept in a warm place the spirit dis- 
-appears and vinegar is formed. In some parts ef Italy a milk vinegar 
of pleasant quality is prepared by adding honey, sugar, spirit, and a lit- 
tle yeast to the boiled whey, and setting the mixture aside to ferment in 
a warm place. [Il latte e i suoi predotti, pp. 415 and 450.] 


§ 24. Of the composition of the saline constituents of milk 


When milk is boiled down to dryness, and the dry residue burned, a 
small quantity of ash remains behind. The proportion which the 
weight of this ash bears to that ofthe whole milk is variable—as the 
qualities of the milk itself are—so that 1000 lbs. will leave sometimes 
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only 2 Ibs., at others as much as 7 lbs. of ash. This ash consists of a 
mixture of common salt and chloride of potassium (p. 188), with the 
phosphates of lime, magnesia, and iron. ‘he relative proportions of 
these several substances yielded by 1000 lbs. of the milk of two dif- 
ferent cows, were as follows [Haidlen, Annal. der Chem. und Phar., 
Xlv., p. 273]: 


I. Il. 

Phosphate of lime . . . . . 2-31 Ibs. 3°44 lbs. 
Phosphate of magnesia . . . 0-42 * 0°64 “* 
Phosphate of peroxide of iron . 0:07 0:07 + 
Chloride of potassium . . . . 1:44 * Coe 
Chloride of sodium . «. . . . O24 “ 0-34 “ 
Pree/kada Col (O03, yon Bt thy Qed tee 0-45 

42-90), OFS GH 70¢ 


It is probable that the phosphates and chlorides existed as such in the 
milk as it came from the cow, the free soda is believed to have been in 
combination with the casein, and to have held it in solution in the milk. 
You will recollect that the explanation I have given of the curdling of 
milk is, that the acid produced in, or added to, the milk, takes this soda 
from the casein, and renders it insoluble in water, and that in conse- 
quence it separates in the form of curd (see p. 566). 


§ 25. Purposes served by milk in the animal economy. 


Milk is the food provided for the young animal, at a period when it is 

to seek food for itself. It consists, as we have seen, of— 
The casein or curd.—This being almost identical in constitution 

Res the lean part or fibrin of the muscles serves to promote the growth 
of the flesh of the animal. 

2°. The fat or butter, which is mainly expended in supplying fat to 
those parts of the body in which fat is usually deposited. 

3°. The sugar, which is probably consumed by the lungs during re- 
spiration. 

4°. The saline matter, from which come the salts contained in the 
blood, and the earthy part of the bones of young and growing animals 
fed upon milk. 

These several purposes served by milk will come again under our 
consideration in the following lecture. 


NOTES. 


. On the churning of butler in the French churn. 


Mr. chine of Gadgirth, has favoured me with the following infor- 
mation regarding the merits of the French churn mentioned in page 
555 :— 

**T see you make mention, in page 555 of your Lectures, of a churn 
lately introduced by Mr. Blacker from France. I got one of these from 
Mr. Blacker about two years ago, andehave proved its merits to be very 
great. IJ use none else, and have been the means of distributing it over 
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different parts of England and Scotland. It is made of tin, of a barrel 
shape, and is placed in a trough of water, heated or otherwise, to convey 
the proper temperature to the cream. I have tried many expen- 
ments to ascertain the proper temperature for churning cream in 
this churn, and have found that 58° F. produces the best quality of but- 
ter in the shortest time—the time occupied being from ten to twenty 
minutes. At 60° it was often done in five toseven minutes, and although 
a little soft at first, produced butter of a good colour and quality—on no 
occasion was it ever white. I also tried 56° F. It took generally one 
hour, was harder, but no better in quality than that of 58°. 

** With regard to the quantity of butter from a given quantity of cream, 
I found that in July, when the cows were on good pasture, and occasion- 
ally house-fed on clover— 
16 quarts of cream produced . 12 Ibs. 8 oz. 


24 ~=do. do. do. - 16 lbs. 12 oz. 
30) do: do. do. - 20 lbs. 8 02. 
Or, 70 quarts produced . . . . ~ 49 lbs. 12 oz. 


When fed on cabbage— 
50 quarts of cream produced. . 32 lbs. 
Again— 
50 quarts of cream produced. . 32 lbs. 4 oz. 
60 do. do. do. <A LDS. 
Or the whole six quarts of cream in July gave 4 lbs. of butter. 
~“ On churning the whole milk in this churn, 100 quarts of milk at 60° 
‘produced 8 lbs. of butter of excellent quality in one hour and a half—8 
quarts of hot water were put indo the churn according to the old system. 

“© 100 quarts of milk from the same cows at 64° produced only 7 lbs. 
of butter of a soft and inferior quality, and took two hours to churn, 16 
quarts of hot water being put into the churn on this occasion. 

‘© The whole milk was sometimes churned in less than one hour, but 
from that to one hour and a half was the general time occupied, whereas 
three to four hours is the time occupied in churning in the common churn. 

«To ascertain whether the whole milk or the cream produced the 
greatest quantity of butter in this churn, I took the milk of five cows 
(Ayrshire breed) for one week in July last, amounting to 508 quarts— 
the yield of butter was 36 lbs. 11 0z. I then took the same quantity of 
milk from the same cows for the same period of time, and let it stand for 
cream—the butter produced was 37 lbs. 4 oz. The food and other cir- 
cumstances were quite the same. 

To test the quality of my butter, I sent it last summer to a show at 
Ayr, and obtained the second premium both for fresh and salt ; the heat 
at which it was churned was 58°, and the time not exceeding half an 
hour.” 

On these observations of Mr. Burnett, I must in fairness remark, that 
several other persons who have used this churn, have not reported by any 
means so favourably of its merits. Perhaps they have not known how 
to manage it so skilfully. 


2°, Quantily of milk and butter yielded by Ayrshire cows. 
Mr. Alexander, of Southbar, has furnished me with the following pro- 
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portions of cream and butter yielded by his dairy of 38 cows, at Well- 
wood, in the higher part of Ayrshire, near Muirkirk, during six several 
days in November and December, 1843 :— 


Cream Butter 

Date. in imp. galls. in pounds. 
Movember .*0 ve 4 oh is te tee 434 
“ FAT ae Maite TIE 474 
“ De ey ue iva sense 43 
“ Oe ee ond Sucks 2 eee 47 
ne OOS gel or is cess ne ee 39 
Decetmher) 7. ss sete wud 43} 


—_——= 


Trall®.. . . esd 2e Calls eave; ages 


or, seven quarts of cream in November gave four pounds of butter. 
/ The cream appears from the table to have become gradually less rich, 
though the whole quantity did not diminish. 
j Mr. Alexander remarks, that ‘the proportion of cream varies in his 
dairy from 4th to ;4th of the bulk of the milk, and that the Guernsey or 
l Highland, or any black or black-marked cow, gives more cream from the 
‘\ same quantity of milk.” That is, they give a richer milk. 

\. This is acurious physiological fact, and is probably related to an ob- 
servation made in the fattening of these races, that the same quantity of 
food goes further in fattening a black or black-marked than a dun or white 
beast. I donot suppose that any thing of this kind has been observed in the 
Durham breed—as white animals, of pure blood, are ofien great favour- 
ites with the breeders of ‘Tees- Water stock. 


3°. Profit of making butter and cheese compared with that of 
selling the milk. 


For the following particulars I am also indebted to Mr. Alexander, 
The produce of cheese and butter is the average of his experience at 
Wellwood, in Ayrshire. 

There are three ways in which the milk is usually disposed of. It is 
sold in the state of new milk, or it is made into full milk cheese, and the 
whey giver to pigs—or it is made into butter, and the skim-milk sold, or 
made into cheese, or given to pigs. The profit of each of these three 
methods, at the Ayrshire prices, is as follows approximately :— 


b.—90 quarts of new milk give 24 lbs. of full milk cheese, 


s. d. 

a.—90 quarts of new milk, at 2d. a quart, are sold for ‘ T5oyeO 
which, at 43d., per lb. are sold for - : : 1/199 

0 6 


The whey is worth, at least . ° ‘ . : . 
9 6 
¢.—90 quarts of milk, churned altogether, give 9 Ibs. of butter, 
at 9d. , : ‘ 5 . ; . + inGerd 
90 quarts of butter-milk, at $d. per quart . : : » 3 9 
10 6 


In the country, where the butter-milk cannot be sald, it is given to the 
pigs, and does not yield so large a return. 
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d. 90 quarts of new milk give 18 quarts of gant yielding 
9 lbs. of butter at 9d., as before . 3 : 3. Glue 
18 quarts of butter- frill: at 3d. 3 : ‘ SOLS 
70 quarts of skim-milk, at 1d. 211 
=. 
10 5 


When the skim-milk cannot be sold, it may be given to the pigs. or 
it may be made into skim-milk cheese. In the latter case the profit i is 
as follows :— 


stud - 

e.—Butter and butter-milk, as before. 3 : : pent the 
70 quarts of skim-milk give 16 Ibs. of cheese, which, at 3d. 

per lb. F ° " - : ° 4 0 

ll 6 


Thus we have 90 quarts of milk— 


Ssculls 

a—sold as new milk, worth : ; - 15 0 

6—made into full- milk cheese 9 6 
e—made into butter and butter-milk, ee the latter 

can be sold i Z 10 6 
d—miade into butter and skim- aie where he Natio 

ean be sold C 3 : . 10° -5 

e—made into butter and skim- mati cheese : ; Ti ben; 


In the country, therefore, according to these calculations, the most pro- 
fitable way is to make butter and skim-milk cheese. ‘The farmer is thus 
in a great measure independent of an adjoining population. The small 
quantity of butter-milk he thus obtains he will easily be able to dispose 
of, or otherwise to employ to advantage. 

According to Mr. Ayton, it is still more profitable to feed calves with 
the milk, but I find many people differ from him on this point. At all 
events, a good and ready market is required for the veal. 


LECTURE XXI. 


Of the feeding of animals, and the purposes served by their food.—Substances of which the 
parts of animal bodies consist.—Whence do the animals derive these substances—are 
they all present in the food 7—Use of the starch, gum, and sugar contained in vegetable 
food.—Functions of a full-grown animal.—Of the respiration of animals.—General origin 
and purposes served by the fat in carnivorous and herbivorous animals.—Of the digestive 
process in animals.—Purposes served by food and digestion.—The food sustains the full- 
grown animal.—Necessity of a mixed food.—It sustains and increases the fattening ani- 
mal.—Relative fattening powers of ditferent kinds of food.—How circumstances affect this 
fattening property.—Purposes served by food in the pregnant—in the young and growing 
animals, such as the calf—and in the inilk cow.—[ffeet of different kinds of food on the 
quality of the milk.—I’attening of the cow as the milk lessens in quantity—Experimental, 
economicai, and theoretical value of different kinds of food for these several purposes.— 
Circumstances which affect these values.—Soil, manure, form in which the food ts given, 
ventilation, light, warmth, exeicise, activity, sall and other condiments. 


Havine in the preceding lectures considered the composition of the 
direct products of the soil—grains, roots, and grasses—and of the most 
important indirect products—milk, butter, and cheese—the only part of 
our subject which now remains to be discussed is the relative values of 
these several products in the feeding of animals. 

Under this head it will be necessary to enquire how far these values 
are affected by the age, the growth, the constitution, and race of the ani- 
mal—by the purposes for which it is fed—and. by the circumstances 
under which it is placed while the food is administered to it. 


§1. Of the substance of which the parts of animals consist. 


The bodies of animals consist of solid and fluid parts. 

1°. The solid parts are chiefly made up of the museles, the fat, and 
the bones. 

a. The muscles, in their natural state, as I have already had occaston 
to mention (p. 444), consist in 100 parts of about— 

Dry matterssi Pst 6s IAIN LIS 
Wrarenre (hk. ein bales toe e 
100 
so that, to add 100 lbs. to the weight of an animal in the form of muscle, 
only 23 lbs. of solid matter require to be incorporated with its system. 

When the muscular or lean part of beef, mutton, &c., is washed 
in a current of water for a length of time—the blood, to which the red 
colour is owing, and all the soluble substances, gradually disappear, and 
the muscle becomes perfectly white. In this state, with the exception 
of some fatty and other matters which still remain intermixed with it, the 
white mass forms what is known to chemists by the name of fibrin. 
Tais name is given to it because it forms the fibres which run along the 
muscles and constitute the greater portion of their substance. 

The following table exhibits the relative proportions of muscular fibre 
and other substances contained in the flesh of several different animals in 
its natural state, [Schlossberger, Annalen der Pharmacie, December, 
1842, p. 344] :— 
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Calf. q 
i —~— =» 8 


Pigeon. 
Chicken 


Muscular fibre, vessels.nerves 
and cellular sabstance . . 175 15:0 16:2 16°38 18°0 17:0 165 120 1 
Soluble albumen and colour- 
ing matter of blood Se 
tosin) . 9 32 96 24°93 45 3:0 52. 44 
Alcoholic extract, conning i 14 (4 i i? 14 10 16 
2-4 


saline matter. . 
Watery extract, ectnger ts 13 10 16 08 15 12 17 02 


saline matter . 
Phosphate of lime, with a lit: 
tle albumen* . ... . . trace 0-1 trace trace 04 — O86 2:2 
Watcr andloss. . . . . 775 79°7 782 783 769 76:0 77:3 801 80:5 


= = 


100 100 100 100 100 100 100 100 100 


The proportions in the above table are not to be regarded as constant ; 
they seem, however, to shew what we should otherwise expect, tliat the 
muscular part of fishes contains a less proportion of fibrin than that of 
land animals in general. 

When dried beef is burned it leaves about 4} per cent. of incombus- 
tible ash—or 100 lbs. of the muscle of a living animal in its natural 
state contain about one pound of saline or inorganic matter. 

Of this inorganic matter, it is of importance to know that about two- 
thirds consist of phosphate of lime. Thus to add 100 lbs. to the muscular 
part of a full grown animal, there must be incorporated with its substance 
about— 


Water . 2 : 77 lbs. 
Fibrin, with a little fat : : oe § 
Phosphate of lime. - ue 


Other saline matters ‘ te 


100 

b. The fat of animals consists, like the fat of butter, of a solid and 
fluid portion. The fluid fat is in great part squeezed out when the whole 
is submitted to powerful pressure. 

The fluid portion of the fat, called by chemists oleine, so far as it has 
yet been examined, appears to be identical in all animals. It is also the 
same thing exactly as the fluid part of olive oil, of the oil of almonds, 
and of the oils of many other fruits. It exists in larger quantity in the 
fat of the pig than in that of the sheep, and hence pork fat is softer than 
beef or mutton suet. From lard it is now expressed on a great scale in 
the United States of America, for burning in lamps and for other uses. 
The manufacturers of stearine candles express it from beef and mutton 
fat, but chiefly for the purpose of obtaining the solid part in a harder 
state, that it may make a more beautiful and less fusible candle. The 
fluid oil of animal fats, however, is known to differ from the liquid part 
of butter (butler-oil) described in the preceding Lecture (p. 559), and 
from the fluid part of linseed and other similar oils which dry, and form 


* Thie phosphate of lime is over and above that which exists naturally in, and is insepar- 
able from, the muscular fibre itself afid from the albumen. 


25* 
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a kind of varnish when exposed to the air. These latter facts are not 
without their importance, as we shall hereafter see. 

The solid part of the fat of animals is known to vary to a certain ex- 
tent among different races. Thus the solid fat of man is the same with 
that of the goose, and with that which exists in olive oil and in butter. 
To this the name of margarine is given. But the solid fat of the cow, 
the sheep, the horse, and the pig, differs from that of man, and is 
known by the name of stearine. 

The solid and fluid parts are mixed together in different proportions iu 
the fat, not only of different animals, but of the same animal at differ- 
ent periods, and in different parts of its body. Hence the greater hard- 
ness observed in the suet than in other portions of the fat of beef and mut- 
ton, and hence also the different quality and appearance of the fat of an 
ox according to the kind of food upon which it has been fed or fattened. 

c. The bones, like the muscles. consist of a combustible and an inconi- 
bustible portion, but in the bones the inorganic or incombustible part is 
by much the greater. To the organic matter of bones the name of gel- 
atine or glue is given, and it can be partly extracted from them by boil- 
ing. The proportion of gelatine which exists in bones varies with the 
kind of animal—with the part of the body from which the bone is taken 
—and very often with the age and state of health of the animal, and with 
the way in which it has been accustomed tobe fed. Itis greater in spongy 
bones, in the bones of young animals, and probably also in the bones of 
such as are in high condition. In perfectly dry bone it rarely exceeds 
from 35 to 40 per cent. of the whole weight. 

The incombustible portion consists for the most part of phosphate and 
carbonate of lime. The relative proportions of these two earthy com- 
pounds also vary with the kind of animal, with its age, its condition, its 
food, and its staté of health. To form 100 lbs. of bone the anima! will 
usually require to incorporate with its own substance about— 

35 pounds of gelatine, 
55 pounds of phosphate of lime, 
4 pounds of carbonate of lime, 
3 pounds of phosphate of magnesia, 
3 pounds of soda, potash, and common salt. 
| 100 

d. Hair, horn, and wool, are distinguished from the muscular parts of 
the animal body by the large proportion—about five per cent.—of sul- 
phur which they contain. They consist of a substance which in other 
respects closely resembles gluten and gelatine in its chemical composi- 
tion (page 445). When burned, they leave from one to two per cent. of 
ash, which in the case of a variety of human hair, which left 1-1 per cent. 


of ash, was found by Van Laer to consist of— 
Per cent. 


Soluble chlorides and sulphates’). 2 0. 2 Be ee O51 
CRIGE GR TFOMP COL ET Poel y Qh ayer ek SS RR, 20 Re 
Phosphate and sulphate of lime, phosphate of magnesia and silica . 0°20 


1:10 
The inorganic matter contained in hair is therefore, generally speak- 
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ing, the same in kind as that which exists in the muscular fibre and in 
the bone. It contains the same phosphate of lime and magnesia—the 
same sulphates and the same chlorides, among which latter common salt 
is the most abundant. The absolute quantity of ash or inorganic matter 
varies, as well as the relative proportions in which the several substances 
are mixed together in the different solid parts of the body, but the sub- 
stances themselves of which the inorganic matter is composed are nearly 
the same, whether they be obtained from the bones, from the muscles, or 
from the hair. 

2°. Of the fluid parts of the body, the blood is the most important, 
and by far the most abundant. The body of a full grown man, ef mo- 
derate dimensions, contains about 12 lbs. of blood, [Lehmann, Physi- 
ologische Chemie, I., pp. 113 and 338,] that of a full grown ox, six 
times as heavy, cannot contain less than 70 or 80 lbs. Blood consists of 


about— 
Per cent. 


WVialeginiokgs Mia cule spyeniay. T. '86 
Orgamic matter) deni ills lool tie 2a) a iS 
Daliie MBieT 41 Si uD ceties) 1S peptone GAM 

100 

The organic matter consists chiefly of fibrin, which, when the blood 
coagulates, forms the greater part of the clot—and of albumen, which re- 
mains dissolved in the serum or fluid part of clotted blood, but which, 
like the white of egg, runs together into insoluble clots when the serum 
is heated. 

The saline matter remains dissolved in the serum after the albumen 
has been separated by heating, and consists chiefly of phosphates, sul- 
phates, and chlorides—nearly the same compounds as exist in the soluble 
part of the ash left by the solid parts of the body. 

Besides this soluble saline matter which remains in the serum, a por- 
tion of phosphate of lime and a small quantity ef phosphate of magnesia 
exist also in the fibrin and in the albumen of the blood. Thus in the dry 
state these substances contain respectively of the mixed phosphates— 


Albumen of ox blood . . . . 1:8 per cent. : 
Fibrin of human blood. . . . 0-7 per cent. Corey 


Thus the same saline and earthy compounds, which form so large a 
portion of the bones, are distributed every where in sensible proportions 
throughout all the more important solids and fluids of the body 


§ 2. Whence does the body obtain these substances ? Are they contained 
in the food ? 


Whence does the body derive all the substances of which its several 
parts consist ? 

The answer to this question appears at first sight to be easy. They 
must be obtained from the food. But when the enquiry is further con- 
sidered, a reply to it is not so readily given. 

It is true, indeed, that the organic part of the food contains carbon, 
hydrogen, oxygen, and nitrogen—the elements of which the organic parts 
of the body are composed. The in-organic matter also which exists in 


Ania 
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the food contains the lime, the magnesia, the potash, the soda, the sul- 
phur, the phosphorus, and the iron, which exist in the inorganic parts of 
the animal body—so that the question seems already resolved. The 
body obtains from the food all the elements of which it consists, and 
if these be not present in the food, the body of the animal cannot be 
properly built up and supported. 

But to the chemist and physiologist the more important part of the 
question still remains. Jn what state do these elements enter into the 
body? Are the substances of which the food consists decomposed after 
they are taken intothe stomach? Are their parts first torn asunder, and 
then re-united in a different way, so as to form the chemical compounds 
of which the muscles, bones, and blood consist? Are the vital powers 
bound to labour, as it were, for the existence and support of the body ? 
Do they compound or build up out of their ultimate elements the various 
substances of which the body is composed—or do they obtain these sub- 
stances ready prepared from the vegetable food on which animals, in 
general, are fed?) ‘The answer which recent chemical researches give to 
this second question forms one of the most beautiful contributions which 
have been made to animal physiology in our time. 

1°. We have seen that the flour of wheat and of our other cultivated 
grains consists in part of gluten, of albumen, or of casein. These sub- 
stances all contain nitrogen, and are identical in constitution with each 
other, and with the fibrin of which the muscles of animals chiefly con- 
sist.* The substance of the muscles exists ready formed, therefore, in the 
food which the animal eats. The labour of the stomach is in conse- 
quence restricted to that of merely selecting these substances from the 
fuod and dispatching them to the several parts of the body, where they 
are required. ‘The plant compounds and prepares the materials of the 
muscles—the stomach only picks out the bricks, as it were, from the other 
building materials, and sends them forward to be placed where they 
happen to be wanted. i 

2°. Again, we have seen that in all our crops, so far as they have 
been examined, there exists a sensible proportion of fatty or oily matter 
more or less analogous to the several kinds of fat which exist in the boJies 
of animals. In regard to this portion, therefore, of the body, the vege- 
table performs also the larger part of the labour. It builds up fatty sab- 
stances out of their elements—carbon, hydrogen, and nitrogen. These 
substances the stomach extracts from the food, and the body appropriates 
them. after they have been more or less slightly changed, in order to 
adapt them to their several purposes. There may possibly be other 
sources of fat, as we shall hereafter see, but the simplest, the most na- 
tural—and probably, where a sufficient supply exists, the only one had 
recourse to by the healthy animal—is the fat which is found, ready 
formed, in the vegetable food it eats. 

3°. Further, the bones, the muscles, and the blood, contain phosphate 


* The chemical reader, who is aware of the exact state of our knowledge upon this sub- 
ject, will perceive that I speak here of the identity of these substances ouly in so far as the 
proportions of carbon, hydrogen, oxygen, and nitrogen are concerned. I: is unnecessa’y to 
allude in this place to the different proportions of sulphur and phosphorus they are known 
to contain—as the more popular nature of this work will not permit me to discuss the re- 
fined, ene singularly beautiful, physiological questions with which these differences are 
connected. 
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of lime, phosphate of magnesia, commion salt, and other saline com- 
pounds. These same compounds exist, ready formed, in the vegetable 
food, associated generally with the gluten, the albumen, or the casein, 
it contains. The materials of the harder parts of the body, therefore— 
(the phosphates) as well as the inorganic saline substances which are 
found in the blood, and in the other fluids of the body—are all formed in 
or by the plant, or are by it extracted from the soil and incorporated with 
the food on which the animal is to live. 

Not only, therefore, do the mere elements of which the parts of the 
bodies of animals are formed, exist in the food—but they occur in it, put 
together and combined, nearly in the state in which they are wanted, in 
order to form the several solids and fluids of the body. The plant, in 
short, is the compounder of the raw materials of living bodies. The ani- 
mal uses up these raw materials—cutting them into shape when neces- 
sary, and fitting them to the several places into which they are intended 
to be built. 

This is a very simple, and yet a very beautiful view of one of the 
many forms of chemical connection which exist between the processes 
and purposes of animal and vegetable life. Nature seems to divide the 
burden of building up living bodies between the vegetable and the animal 
kingdoms—the lower appearing to exist and to labour only for the good 
of the higher race of beings. 


§ 3. Of the respiration of animals, and of the purposes served by the starch, 
gum, and sugar, contained in vegetable food. 


But, besides the gluten of plants and seeds, which supplies the mate- 
rials from which the muscular parts of animals are formed, the oil which 
is converted into the fat of animals, and the saline and earthy matters 
of plants which supply the salts of the blood and the earth of the bones— 
vegetable food in general contains a large proportion of starch, sugar, 
gum, and other substances which consist of carbon and the elements of 
water only (p. 111). What purpose is served by this part of the food? 
Is it merely taken into the stomach and again rejected, or is it decom- 
posed and made to serve some vital purpose in the economy of the 
living animal? From the fact that so large a part of all vegetable food 
consists of these substances, we might infer that they were destined to 
serve some important purpose in the animal economy. To the herbiv- 
orous animal they are, in fact, almost necessary for the support of a 
healthy life. 

In order to understand this fact, it will be necessary briefly to advert to 
the respiration of animals—the chemical changes produced by it, and 
the purposes it is supposed to serve in the animal economy. 

1°. Of the function of respiration.—All animals possessed of lungs al-_ 
ternately inhale and exhale the atmospheric air. They breathe, that is, 
orrespire. The air they draw into their lungs, supposing it to be dry, 
consists by volume (pp. 32 and 148) very nearly of— 

Nitrogen P Sl iain Eanes 
OTE ah eA ve gett ult eeieel eben 
CARDODIC ACID, os. jee oir ap. s0h ey OOS 


100 
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—the proportion of carbonic acid being very small. But as it is breathed 
out again it consists of about— 

Witropen OW 2) ina Gh Sea 

Oxnggen 6!) i) hs) SV ek OG aoe 

Carbonic acid 4! We nt. Se OO taB 


100 
««the proportion of oxygen being considerably less, that of carbonic acid 
very much greatcr, than before. On an average the natural proportion 
of carbonic acid in the air is found to be increased 100 times after it is 
expelled by breathing from the lungs. 

Now carbonic acid consists, as we have previously seen, of carbon and 
oxygen. In breathing, therefore, the animal throws off into the air a 
quantity of carbon—in the form of carbonic acid—which varies at dif- 
ferent times, in different species of animals, and in different individuals of 
the same species. By a healthy man the quantity of carbon thus 
thrown off varies from 5 to 13 ounces, and by a cow or a horse from 3 to 
5 pounds, in 24 hours. All this carbon must be derived from the food. 
The animal eats, therefore, not merely to support or to add weight to its 
body, but to supply the carbon also which is wasted by respiration. 

2°. How the respiration is fed.—What part of the food supplies the 
waste caused by respiration? How is the respiration fed ? 

In animals which live upon flesh—carnivorous animals—it is the fat 
of their food from which the carbon given off by their lungs is derived. 
It is only when the fat fails in quantity that the lean or muscular part 
of the flesh they eat is decomposed for the purpose of supplying carbon 
to their lungs. 

In an animal to which no food is given for a time. the lungs are fed, 
so to speak, from fat also. But in this case it is the living fat of the 
animal’s own body. When digestion is fully performed and hunger is 
keenly experienced, the body begins to feed upon itself—the lungs still 
play, respiration continues for many days after food has ceased to be ad- 
ministered, but the carbon given off is derived from the substance of the 
body itself. The fat first disappears—escapes with the breath—and af- 
terwards the muscular part is attacked. Hence the emaciation which 
follows a prolonged abstinence from food. 

In animals which live upon vegetable food again—herbivorous ani- 
mals—it is the starch, gum, and sugar, of the food which supply the 
carbon for respiration. It is only when the food does not contain a suf- 
ficient supply of these compounds that the oil first, and then the gluten, 
are decomposed, and made to yield their carbon to the lungs. 

In man, who lives on both kinds of food, and in the domestic dog, and 
the pig, which also eat indifferently both animal and vegetable food, the 
carbon of respiration may be derived in part from the fat, and in part 
from the starch and sugar which they eat—according as they are chiefly 
supported by the one cr by the other kind of food. 

It may be asked how we know that such are the parts of the food, to 
which the duty of supplying the demands of the lungs is especially com- 
mitted. There are several considerations which lend force to this opin- 
ion. Of these I will draw your attention to one or two. 

a. Why is the fat rather than the lean part of the food of carnivorous 
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animals devoted to the service of the lungs, and why do starving ant- 
mals lose their fat first? Because the chemical decomposition by which 
carbon can be derived from the fat is simpler and more easily effected 
than that by which it can be ob:ained from muscular fibre. By combi- 
nation with oxygen, fat can be converted into carbonic acid and water 
only, of which the former will pass off by the lungs and the latter in the 
urine. The muscular fibre, on the other hand, contains much nitrogen 
(p. 444), and, if deprived of its carbon for the uses of respiration, must 
undergo very complicated decompositions, and form a series of com- 
pounds, the use of which, in the animal economy, it is not easy to perceive. 

Besides, in producing the carbonic acid of the lings from the fat of the 
animal food or of the living body, there is less waste of material. Fat 
consists wholly of the three elements, carbon, hydrogen, and oxygen. 
These all disappear entirely in the form of carbonic acid and water—both 
of which are used up. Muscle, on the other hand, besides nitrogen, con- 
tains a constant proportion of sulphur and phosphorus. Ifthe muscle, 
then, be decomposed for the purpose of supplying carbon to the lungs, 
not only the large quantity of nitrogen, but the sulphate and phosphorus 
also, would go to waste, and would pass off in the urine. In nature, 
however, such waste is rarely seen to take place; and, therefore, as a 
general rule, the respiration will be supported by the muscular fibre only 
when other kinds of food are deficient. 

6. But in the stomachs of herbivorous animals, why are the starch and 
sugar especially appropriated to the use of the lungs? The food of ani- 
mals which live upon vegetable substances contains fat as well as starch 
--why then is the starch in this case dissipated by the process of respira- 
tion, while the fat is applied as it is supposed to another use? The 
answer to this question is both beautiful and satisfactory. 

Starch, gum, and sugar, consist of carbon and water only, and we can 
conceive them in their passage through the body to be actually separated 
into these two substances—in which case the carbon has only to combine 
with oxygen and form carbonic acid, to be ready to pass off by the lungs. 
Here, therefore, only one chemical combination is required—the union 
of carbon with oxygen. It is the simplest way in which we can con- 
ceive carbon to be supplied for the use, or for the purposes of the lungs.* 

But it is otherwise with fat. Though nearly all kinds of fat consist en- 
tirely of carbon, hydrogen, and oxygen—yet they cannot be supposed to 
consist only of carbon and water. They contain much more hydrogen than 
is necessary to form water with the oxygen which is present in them. If, 
then, the carbon of these fats be separated, this excess of hydrogen will 
also be set free, and if the former be made to combine with oxygen to 
form carbonic acid, the latter must also combine with hydrogen to form 
water. Thus two che:nical changes must go on simultaneously, for 
which more oxygen will be required, and which involve more labour in 
the system than when the carbon alone is to be combined with oxygen. 
It is natural, therefore, that where both starch and oil are present to- 
gether, the former should be first converted to the uses of the lungs, the 
latter only when the supply of starch or sugar has been exhausted. 

* The chemical reader will understand that lam here only giving a popular view of the 


Jinal result of the several changes through which the carbon no doubt passes before it 
escapes in the form of carbonic acid. 
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There appears, therefore, to be a beautiful adaptation to the wants and 
convenience of animals in the large proportion of starch, gum, and sugar, 
which the more abundant varieties of vegetable food contains. In obtaining 
carbon from these, the least possible labour, so to speak, is imposed upou 
the digestive organs of the herbivorous races. The starch and sugar 
abound because much carbon is required, while fatty matter or oil is 
present in smaller quantity, because comparatively little of this is neces- 
sary to the performance of the usual healthy functions of the animal 
body. And it is another adaptation of the living body to the circum- 
stances in which it may be placed, that when starch or sugar cannot be 
obtained, the oil of the food is consumed for the supply of ‘carbon to the 
lungs—-and failing this also, the gluten and albumen of the vegetable food 
or the muscular fibre of the animal food, or even of the living animal it- 
self. 

3°. Purposes served by respiration.——But for what purpose essential to 
life do animals respire? If the starch and sugar be so necessary to feed 
the respiration—the breathing itself must be of vital importance to the 
living animal. 

Some doubts still exist upon this point. It is generally believed, 

however, that carbon is consumed or given off from the lungs for the pur- 
pose of sustaining the heat of the living body. When starch, or sugar, 
or gum, are burned in the open air, they are changed into carbonic acid 
and water, and at the same time produce much heat. _ It is supposed that 
in the body the same change—the conversion of starch and sugar into 
carbonic acid an water—taking place, heat must in like manner be pro- 
duced. A slow combustion, in short, is supposed to be going on in the 
interior of the animal—the heat of the body being greater, in proportion 
to the quantity of carbonic acid given oft from the lungs. In favour of 
this view many strong reasons have been advanced, but there are also 
objections against it of considerable weight, which cannot as yet be satis- 
factorily removed. 

Were we to adopt this opinion in regard to the main purpose served by 
respiration as the true one, it would afiord a very distinct reason for the 
large amount of starch existing in all our cultivated crops. Respiration, 
according to this view, is necessary to supply heat to the animal, and 
this respiration is most simply and easily fed by the starch contained in 
the vegetable food. The life and labours of the plant again minister to 
the life and labours of the animal. 


§ 4. Of the origin and the purposes served by the fat of animals. 

1°. The immediate origin or source of the fat of animals depends upon 
the kind of food with which the animal is fed. Carnivorous animals 
obtain or extract it ready formed from the flesh they eat—herbivorous 
animals from the vegetable food on which they live. 

lt has only been lately shown that the corn, hay, roots, and herbage, 
on which catile are fed, contain a sufficient quantity of oily matter ready 
formed to supply all the fat which accumulates in their bodies—or which, 
by the milk cow, is yielded in the form of butter. Before the diflerent 
kinds of food had been analyzed, with the view of determining the quan- 
tity of oil and fat they severally contain, it was supposed that the fat of 
animals wag derived almost solely from the starch and sugar or gum, of 
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which so large a proportion of vegetable food consists. This opinion, 
however, has given way before the advance of analytical research. 
Animals fatten quickest upon Indian corn, or oil cake, or oil mixed with 
chopped straw, or upon oily seeds and nuts—or, as in the case of poultry, 
on a mixture of meal or suet—because these kinds of food contain a large 
proportion of fatty matter ready formed which the animal can easily ex- 
tract, and after a slight chemical change can convert into a portion of its 
own substance. 

The conversion of starch or sugar into fat in the animal bedy implies 
a chemical change of a less simple nature—one which seems to impose 
upon the vital principle a greater amount of labour than is implied in the 
simple appropriation of the fat which exists ready formed in the food. If, 
then, there be in the food as much fat as is necessary to supply all that 
the animal appropriates to itself, and if it is observed to lay on or appro- 
priate more when the food is richer in fatty oils, we are led to believe 
that the natural purpose served by the oil in the vegetable food is to supply 
the fat of the animal body. In other words, the vegetable ministers to the 
animal and lessens its labour by preparing beforehand the materials out 
of which the animal is to build up the fatty parts of its body. 

But though this is the general source of the fat of animals, circum- 
stances may occur in which the only vegetable food which the animal can 
procure does not contain a sufficient proportion of fat to supply all the 
wants of its body—or to enable it to perform the several natural functions 
it is destined to fulfil. Thus wax is a kind of fat, and it has been shown 
(Milne Edwards) that, when fed upon pure sugar, the bee is capable of 
forming wax from its food. When fed upon such sugar, it not only lays 
up astore of honey, but it continues to build its cells of wax. Now the 
starch of the food is readily changed into sugar. It may be so changed 
in the stomach of man and of other animals. That power which the bee 
possesses they also may in cases of emergency be able to exercise. 
Where a sufficient supply of oil for the necessary uses of the animal is 
not contained in the food it eats, it may form an additional portion from 
the starch or sugar in which its food abounds. 

According to the present state of our knowledge, therefore, the most 
probable opinion in regard to the origin of the fat of animals seems to be 
expressed in these two proposition. 

a. That the fat of animals is contained ready formed, and is usually 
derived from the vegetable or other food on which they live—and that 
when the food abounds largely in fat, the animal lays it more quickly 
and abundantly upon its own body. 

b. That when the food does not contain a sufficient proportion of fat to 
enable the animal comfortably to perform the various functions of its 
body, it has the power to form an additional quantity from the starch or 
sugar it eats—but that it will not readily fatten or lay on large additions 
of fat upon its body when fed upon farinaceous, saccharine, or other food 
in which oil is not naturally contained.* 

* For the sake of the chemical reader I may be permitted here to show by what kind of 
chemical changes—12, the fat of animals in general may be derived from the starch or sugar 
of their food ; and 2°, how the peculiar kinds of fat contained in the body of any given ani- 
mal may be formed Li gs ier kinds of fat contained in its food. 


19, How fat may be fo: from starch or sugar.—These two substances, as we have 
already seen, may be represented by carbon and water only— 


CHANGES OF OX FAT INTO HUMAN FAT. 596 


2°. The purposes served by the fat.—In all healthy animals which 
take a sufficient quantity of exercise to maintain them in a heatthy con- 


Carbon. Water. 
Starch,...... consisting of 12 + 10, represented by Ciz Hiv O10 
Cane sugar, consisting of 12 + 11, represented by Ciz Hu Ort 
Fet, again, margarine for example, the solid fat of the human body, is represented (p. 
559, mote,) by Cs7 Hs6 O35. Compare this with 4 of starch, and we have— 


4 of starch ? . 2 a= Cie Heo Og 
io fimargariner stun. pee mieee—=ne alias Os: 
Difference. . . = Cit Hy O35 


This difference is equal to, or may be represented by, 

11 of carbonic acid + 4 of water + 9 of oxygen 
11 CO2 +4HO + 90 

So that by the separation of carbonic acid, which may be given off from the lungs—-of 
water, which may or may not remain inthe system,—and of a portion of oxygen, which 
may be used up in various ways in the blood, the starch or sugar of tho food may be con- 
verted into fat. 

hat in some such way these substances may be changed into the fat of animals was first 
insisted upon and explained by Liebig; and it is probable, as I have said in the text, that in 
cases of emergency fai is really formed in the animal body from such kinds of food. But 
when Liebig put forth his views on this subject, it was not Known that vegetable substances 
naturally contained so large a proportion of fat as has since been found inthem. The ne- 
cessity for the constant production or formation of fat in the body itself, therefore, is not now 
so apparent, and the soundest opinion, according to our present knowledge, seems to be 
that, while the vegetable food usually supplies all the fat ready formed which the animal re- 
quires, yet that a conversion of a certain part of the starch, gum, sugar, and even of the cel- 
lulur fibre of the food, into fat, may take place, when all the wants of the body are not sup- 
plied by the fat which the food naturally contains. Of course this opinion applies only to 
animals in perfect health. In certain diseased states of the body a larger and more con- 
stant production of fat from the food may take place, as appears to be the case in animals 
which no diminution of food seems to prevent from laying on fat. 

Q0, a the peculiar kinds of fut in the body may be derived from the peculiar kinds of fat 
in the food. 

a We have already seen (p. 558) that the solid part of butter, of olive oil, and of the goose, 
is identical with the solid fat of the human body. Wheu eaten by man, therefore, these se- 
veral kinds of fat may be at once conveyed, without change, from the stomach to the several 
parts of the body where they are required. From this circumstance these kinds of fat seem 
remarkably fitted for the food of man. ’ 

6. The solid fat of the ox and the sheep is called stearine. Upon this man lives much 
and converts it into the solid fat (margarine) of his own body. This may take place after 
the following manner :— 


2ofmargarine.. ...- - . == 07; Hz On 
lofsteariner. ares encores van 1 Oa bebo Oy, 
Differenoe . . =C3 H3 O3 


If we double fhis difference, we have C6 Hs O3; which is the formula for lactic acid. 
Recent researches, however, have failed in detecting this acid in the blood—if it be formed 
at all, therefore, it must exist only in a transition state, and must be speedily converted into 
other compounds. The final result may possibly be the evolution of the 3 of carbon (C3 ) 
by the lungs in the form of carbonic acid. 

c. That the body or its parts possess the power of easily transforming these different kinds 
of fat one into the other, we know, also, from other facts. Thus the calf lives upon milk, 
and from the two kinds of fat contained in the cream of the milk, it forms the solid and liquid 
fats of its own body. The stearine of the animal in this case may be formed from the mar- 
Zarine of the butter, being exactly the converse of the previous case, while the butter oil may 
be changed into the liquid fat of the tallow. 

This latter is more difficult to explain, since the composition of elaine—the liquid fat of 
ihe ox, calf, and sheep—-compared with that of butter oil, presents a considerable difference. 

hus-- 

Blames sisi oe tees Wi) Cay, Hasziog 
BUtterioil. cons mre jae nH Cotes 


Difference. . . . =Cuio Ho 

What becomes of this difference, Cio Hg, we are unable as yet precisely to explaia. By 
the intervention of a little oxygen it might readily give rise to a little more fat. 

d. The cow and calf together, however, illustrate very clearly the existence of this trans- 
forming power of the animal body. We are unacquainted, as yet, with the composition of 
the several kinds of fat which occur in vegetables—but we know that out of these the cow 
can form the two kinds of fat--the stearine and the elaine--which exist in its own tallow, 
and at the same time the two kinds of fat~margarine and butter-oil--which are found in its 
milk. The calf, again, can change these two latter fats into those which its own body, as 
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dition, the principal purposes served by the fat are simple and the same. 
It lubricates the joints—covers and protects the internal viscera—keeps 
the muscles separate, and enables them to play freely among each other 
—makes the hair and skin soft and flexible,—and, by filling up hollows, 
contributes to the roundness and plumpness of the parts, and defends the 
extremities uf the bones from external injury. When exercise is taken, 
a portion of the fat of the body appears to be more or less changed and 
removed, and is afterwards found in the perspiration, or in the dung. It 
is to make up for this natural waste that all animals, even when the fat 
of their body undergoes no increase, require a certain supply to be daily 
given to them in their food. 

The accumulation of fat in animals seems to be an effort of nature to 
lay in a store of food in time of plenty, which may be made available in 
the performance of the usual functions of the animal when a time of 
scarcity comes. Ifthe food contain too little oil to lubricate the joints 
and to supply the natural waste of this kind of matter, then the store of 
fat which has been accumulated in time of plenty is drawn upon, a por- 
tion of it is worked up, so to speak, and the fat of the body diminishes in 
quantity. We have seen also that the respiration of carnivorous animals 
is supported at the expense of the fat which they eat—and that the lean- 
ness which attends upon starvation is owing to the fat of the living body 
beingconsumed in supplying the carbon given off from the lungs. Another 
purpose, therefore, for which animals seem to be invested with the power 
of laying on fat, is, that a store of food for the purposes of respiration 
may be carried about in the body itself, to meet any unusual demand 
which the food may not be able wholly to supply. 


§ 5. Of the natural waste of the parts of the body in a full grown animal. 


We have seen that, if the food of the animal be unable to supply the 
carbon given off from the lungs, and the fat which the movements of the 
limbs require, thé parts of the body themselves are laid under contribu- — 
tion in order to supply these substances. Thus, when the food is stinted, 
the body necessarily undergoes a waste from this cause. 

But this is not a constant waste. Itis prevented by the use of a larger 
quantity of food. The parts of the body, however, do undergo a con- 
stant and natural waste, to make up for which is one of the main pur- 
poses served by the food. 

It has been ascertained by physiologists, that all the parts of the body 
undergo a slow and insensible process of renewal. The hair and the nails 
we can see to be constantly renewed. They grow, or are thrust out- 
wards. But the muscles and even the bones are by little and little re- 
well as that of its mother, requires. And, lastly, man by eating the fat of the calf can re- 
convert it into margarine and those other fatty substances which are found in the various 
parts of his body. Substances which can thus so frequently and so readily be changed, the 
one into the other, must be very closely connected, and the mode in which their mutual 


transformations are effected will, no doubt, prove to be simple when these are rightly un- 
derstood. 

The chemical reader will understand that it is for the sake of simplicity only that I have 
in this note compared together the entire fats stearine, margarine, &c., instead of the fatty 
acids only which they are known to contain. 

The reader will consnlt with much advantage and satisfaction upon this subject, a work 
upon Chemical Physiology, by Professor Mulder, of Utrech: (Procve eener Algemeene Phy- 
siulo gische Scheikunde, p. 260, el seg.) of which Iam happy to say that a translation from 
the Dutch is now in progress by my assistant, Mr. Fromberg, and will speedily be published 
by the Messrs. Blackwood. 
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moved inwardly and rejected in the excretions—the place of that which 
is removed being supplied by new portions of matter derived from the 
food. 

This removal, though unfelt by us, goes on so rapidly that in a space 
of time, which varies {rom one to five years, the whole body of the ani- 
mal is renewed. There does not remain, it is said, in any of our bodies, 
a single particle of the same matter which formed their substance three 
or five years ago. It is just as if we were to take a single old brick every 
day out of the corner of a house, and put in a new one—the form and 
dimensions of the house would remain unaltered, and yet in the course 
of a few years its walls would be entirely renewed. 

In full grown animals, some parts of the body are renewed more ra- 
pidly than others—the muscles, for example, more frequently and rapidly 
than the bones and the brain. In young animals, again, the whole body 
is oftener renewed than in such as are advanced in years, but all the 
parts of all animals are believed to be more or less quickly removed and 
replaced. 

The new materials which are conveyed to the different parts of the 
body are derived directly from the food. The fibrin of the muscles is 
replaced from the gluten which the food contains—the fat from its oil— 
and the earthy matter of the bones and the salts of the blood, from the 
phosphates and saline substances which are naturally present in it. On 
the other hand, those parts which are extracted from the muscles and 
bones, and carried off in the excretions, are decomposed during their re- 
moval. New chemical compounds are produced from them, which are 
found in the urine and dung of the animal, and which give to these ex- 
cretions their richness and value in the manuring of the soil. 


§ 6. Of the kind and quantity of food necessary to make up for the natural 
wasle in the body of a full grown animal. 


The substances which constantly disappear from tle body in conse- 
quence of the natural waste above described, are of three kinds—the fibrin 
and other analogous organic compounds, which form the muscles and the 
cartilage of the bones—the earthy phosphates (of lime and magnesia), 
which form so large a proportion of the bones, and exist in small quan- 
tity in the muscles also—and the soluble saline substances, which abound 
in the blood and in the other fluids of the living animal. In the solidand 
liquid excretions, a larger quantity of each of these three classes of com- 
pounds is carried out of the body. How much of each must be contained 
in the daily food of a full-grown animal in order that it may be kept in 
its actual condition? 

1°. Quantity of fibrin or other analogous compounds (albumen or 
casein) which the daily food must contain.—The most accurate experi- 
ments that have yet been made upon this subject (Lecanu) appear to 
show that a full grown man rejects in his urine alone about half an ounce 
of nitrogen (230 grs.) every 24 hours. ‘This quantity of nitrogen is con- 
tained in about three ounces of dry muscular fibre, which must, therefore, 
every day be decomposed or removed in order to yield it. 

But if the body is kept in condition, this quantity of fibrin must be 
daily restored again by the food. Now, to supply three ounces of dry 
fibrin, there must be eaten ahout— 
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30 ounces of wheaten flour ; or 

45 ‘of wheaten bread; or 

14 * ~~ of fresh beef or mutton; or 

12 “ of pease or bean meal; or 

4 ‘% of cheese ;* 

Or, if we live wholly upon potatoes or milk, we must eat no less than 
six or seven pounds of the former daily, or drink three or four imperial 
pints of the latter—if we would restore to the body as much of the sub- 
stance of its muscles and cartilage as is daily removed from it by the 
urine. 

But the urine is not the only channel through which nitrogen is given 
of from the animal body. A considerable, though, of course, a variable 
proportion is found in the solid excretions or dung, which has also been 
derived from the substance of the body itself. A small quantity of ni- 
trogen is believed to be given otf from the lungs also in breathing, and 
from the skin in the perspiration, which nitrogen must have been either 
directly or indirectly derived from the food. And, lastly, of the fibrin or 
other food containing nitrogen which may be introduced into the stomach, 
a portion must pass the mouths of the absorbent vessels as it descends 
through the intestines and thus escape with the dung, without having 
performed its part in the ordinary nourishment of the body. 

It is impossible to make any correct estimate of the amount of nitrogen 
which escapes from the animal in the several ways just noticed—in the 
solid excretions from the lungs and from the skin—or of the quantity of 
food which is necessary to supply its place. If we suppose the loss 
through all these sources taken together to be equal to one-half or two- 
thirds of that which is found in the urine, then the whole quantity of dry 
fibrin which the food ought to contain would amount to four and a half or 
five ounces in the day. To supply this, we must eat of bread, beef, 
cheese, potatoes, or milk, one half more than the quantities already 
specified. 

No experiments have hitherto oeen published from which we can de- 
termine the average quantity of nitrogen rejected in the excretions of the 
horse, the cow, or the sheep, and, consequently, the amount of waste 
which takes place in ordinary circumstances in the muscles and cartilage 
of these animals. If we suppose that in the horse or cow it is in direct 
proportion to their weights, compared with that of a full grown man—or 
five times greater than in a man—then the loss of dry fibrin would 
amount to 20 or 25 ounces in the 24 hours. To supply this, the animal 
must eat the following quantities of one or other of the kinds of food here 
mentioned :— 


120 lbs. of turnips. 17 lbs. of clover hay. 
115 “ of wheat straw. 12 “ of pea straw. 
75° * of carrots: 12 “of barley. 

67 ‘ of potatoes. 10“ of oats. 

20 ‘ of meadow hay. 5 ‘ of beans.t 


Or instead of the whole quantity of any one of these, a half or quarter or 
any other proportion of each may be taken, and the animal will pro- 


* Supposing the wheaten flour to contain 10 per cent. of gluten, and the cheese one half 
its weight of dry curd (see also pp. 506 and 531.) 


1 These numbers are calculated from the table given in p. 531. 
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bably be found to thrive better on the mixture than if fed upon any one 
of these kinds of food alone. 

2°. Quantity of fixed saline matter and of earthy phosphates which 
the food ought to contain.—A full grown animal rejects in its dung, its 
urine, and “its perspiration, as much saline and earthy matter as its 
food contains. If its body is merely maintained in its existing condition, 
only that which is removed from it by the daily waste is restored to 1t by 
the daily food. Thus whatever quantity of saline and earthy matter is 
present in the food, an equal quantity is found in the excretions of the 
living animal. 

But how much of that which is found in the excretions has actually 
formed part of the living body, and been removed from it in consequence 
of the natural waste? ‘This we have no means as yet of determining. 
It must be considerable, but it varies with many circumstances, and the 
experiments which have hitherto been made and published do not enable 
us to say how much the average waste really is, and how much of the 
several more common kinds of food ought to be consumed by a full 
grown animal, in order to supply it with ‘the necessary daily proportion 
of saline and earthy substances. 

The benefits so often derived from the use of salt in the feeding of 
stock show how a judicious admixture of saline matter with the food 
may render its other constituents more available than they would other- 
wise be, to the support and increase of the animal body. 


§ 7. The health of the animal can be sustained only by a mixed food. 


From what I have already stated, you see that the vegetable food eaten 
by a full grown animal for the purpose of keeping up its condition should 
contain— 

1°. Starch or sugar, to supply the carbon given off in respiration. 

2°. Fat or fatty oil, to supply the fatty matter which exists more or 
less abundantly in the bodies of all animals. 

Gluten or fibrin, to make up tor the natural waste of the muscles 
and cartilage. 

hi Earthy phosphates, to supply what is removed from the bones of 
the se grown animal by the daily waste; and— 

5°. Saline substances—sulphates and chlorides—to replace what is 
daily rejected in the excretions. 

Hence the food upon which any animal can be fed with the hope of 
maintaining it in a healthy state must be a mixed food. Starch, or sugar 
alone, or pure fibrin or gelatine alone, will not sustain the animal body, 
because these substances do not contain what is necessary to build up all 
its parts, or to supply what is daily given off during respiration and in 
the excretions. The skilful feeder, therefore, will not attempt to main- 

tain his stock on any kind of food which does not contain a sufficient 
supply of every one of the kinds of matter which the body requires. 

Two other points he will also attend to. rst, he will occasionally 
change the kind of food, or will vary the proportions in which he gives 
the different kinds of fodder to his feeding stock. This practice is founded 
on the fact that, although every crop he raises contains a certain propor- 
tion of all the substances which the animal requires, yet some contain 
one of these in larger quantity than others do, and by an occasional 
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change or variation he may hope more fully to supply to the animal the 
necessary quantity of each. 

Second, he will adapt the kind and quantity of food to the age of the 
animal, and to the other purposes for which it is fed. This rule depends 
partly upon the same fact, that different vegetables contain the several 
kinds of necessary food in different proportions, but in a great degree also 
upon the further fact, that the animal requires these substances in differ- 
ent proportions, according to its age and to the special purpose for which 
it is fed. Let me direct your attention to this latter fact a littler more 
at length. 


§ 8. Of the kind and quantity of additional food required by the 
fattening animal. 

In the animal which is increasing in size or in weight, the food has a 
double function to perform. It must sustain and it must increase the 
body. 'Toincrease the body, an additional quantity of food must be con- 
sumed, but the kind or nature of this additional food will depend upon 
the kind of increase which the animal is making or is intended to make. 

One of the important objects of the stock farmer is to make his full 
grown animals lay on fat, so that they may as quickly as _ possible, and 
at the least cost, be made ready for the butcher. To effect this object, 
he adjusts the kind and quantity of the food he gives, to the practical ob- 
ject he wishes to attain. 

We have already seen reason to believe, that the natural and imme- 
diate source of the fat of animals is in the oily matter which the food 
contains. If we wish only, or chiefly, to lay on fat, therefore, we 
ought to give some kind of food which contains a larger proportion of 
fatty matter than that upon which the animal has been accustomed to 
live. This is what the practical man has actually learned to do. To 
his sheep and oxen he gives oil-cake or linseed oil mixed with chopped 
straw, to his dogs cracklings,* to his geese and turkeys Indian corn, 
which contains much oil, and to his poultry beef or mutton suet. 

Many experiments are yet wanting to determine with accuracy the 
proportion of fat contained in all the different kinds of food usually con- 
sumed by animals. Nearly all we yet know upon this subject is ex- 
hibited in the tabular view of their composition to which I have already 
directed your attention (p. 531.) 

One thing, however, of considerable practical value has been recently 
ascertained—that the oily matter of seeds exists chiefly near their outer 
surface,—in or immediately under the skin or husk. This fact is shown 
in the case of wheat, by the following results of the examination of two 
varieties of this grain, one grown near Durham, the other in France. 


The result as to the French grain is given by Dumas :— 
PER CENTAGE OF FATTY OIL, 


English. French. 
Kone flour g. 1-0... .ac5 1:4 
Pollarderts swdlenud. 2 4:8 
Boxings 2). 6) «© 3°6 _ 
Brane so pnid oer, anBr3 5:2 


* Cracklings are the aes parts of the suet from which the tallow has been for the most 
part squeezed out by the tallow chandlere. Might cattle not be fattened upon cracklings 
crushed and mixed with their other food? Might not some cheap varieties of oil also be 
mixed with their food for the purpose of fattening. 
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This fact of the existence of more fat in the husk than in the inner 
part of the grain, explains what often seems inexplicable to the practical 
man—why bran, namely, which appears to contain little or no nourish- 
ing substance, should yet fatten pigs and other full grown animals, when 
given to them in sufficient quantity along with their other food. It also 
explains why rice dust should be found to fatten stock,* though the 
cleaned and prepared rice contains but little oil, and is believed, there- 
fore, to be unfitted for laying on fat upon animals with any degree of 
rapidity. No doubt the dust from pearl-barley and from oats, as well as 
the husk of these grains, might be economically employed by the stock 
feeder where they can readily be obtained. 


§ 9. Kind and quantity of additional food required by a growing 
animal. 


The young and growing animal requires also that its food should be 
adjusted to its peculiar wants. In infancy the muscles and bones in- 
crease rapidly in size when the food is of a proper kind. This food, 
therefore, should contain a large supply of the phosphates, from which 
bone is formed, and of gluten or fibrin, by which the muscles are en- 
larged. Some kinds of fodder contain a larger proportion of these phos- 
phates. Such are corn seeds in general, and the red clover among grass- 
es. Some again contain more of the materials of muscles. Such are 
beans and peas among our usually cultivated seeds, and tares and other 
Jeguminous plants among our green crops. 

Hence the skilful feeder or rearer of stock can often select with judg- 
ment that kind of food which will specially supply that which the ani- 
mal, on account of its age or rapid growth, specially requires—or which, 
with a view to some special object, he wishes his animal specially to lay 
on. Doss he admire the fine bone of the Ayrshire breed ?—he will try 
to stint it while young of that kind of food in which the phosphates 
abound. Does he wish to strengthen his stock, and to enlarge their 
bones ?—he will supply the phosphates liberally while the animal is 
rapidly growing. 

An interesting application of these principles is seen in the mode of 
feeding calves adopted in different districts. Where they are to be reared 
for fattening stock, to be sold tu the butcher at two or three years old, 
they are well fed with good and abundant food from the first, that they 
may grow rapidly, attain a great size, and carry much flesh. If starved 
and stunted while young, they often fatten rapidly when put at last upon 
a generous diet, but they never attain to their full natural size and weight. 

When they are reared for breeding stock or for milkers, similar care is 
taken of them in the best dairy countries from the first, though in some 
the allowance of milk is stinted, and substitutes for milk are early given 
to the young animals. 

But it is in rearing calves for the butcher that the greatest skill in 
feeding is displayed, where long practice has made the farmers expert in 
this branch of husbandry. To the man who has a ealf and a milk cow, 
the principal question is, how can I, in the locality in which I am placed, 
make the most money of my calf and my milk? Had I better give 
my calf a little of the milk, and sell the remainder in the form of new 


* Rice dust is very good food for fattening pigs, makes excellent pork, and is very profit- 
able when given along with whey. 
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milk—or bad I better make butter and give the skimmed milk to my 
calves—or will the veal, if I give my calf all the milk, pay me a bet- 
ter price in the end? ‘The result of many trials has shown, that in some 
districts the high price obtained for well fed veal gives a greater profit 
than can be derived from the milk in any other way. 

While the calf is very young—during the first two or three weeks— 
its bones and muscles chiefly grow. It requires the materials of these, 
therefore, more than fat, and hence half the milk it gets, at first, may be 
skimmed, and a little bean meal may be mixed with it to add more of 
the casein or curd out of which the muscles are to be formed. The cos- 
tive effect of the bean meal must be guarded against by occasional me- 
dicine, if required. 

In the next stage, more fat is necessary, and in the third week at 
latest, full milk, with all its cream, should be given, and more milk than 
the mother supplies if the calf requires it. Or, instead of the cream, a 
less costly kind of fat may be used. Oil-eake, finely crushed, or lin- 
seed meal, may supply at a cheap rate the fat which, in the form of 
cream, sells for much money. And, instead of the additional milk, bean 
meal in larger quantity may be tried, and if cautiously and skilfully used, 
the best effects on the size of the calf and the firmness of the veal may 
be anticipated. 

{In the third or fattening stage, the custom is, with the same quantity 
of milk, to give double its natural quantity of cream—that is, to supply 
in this way the fat which the animal is wished chiefly to lay on. This 
cream may either be mixed directly with the mother’s milk, or, what is 
better, the afterings of several cows may be given to the calf along 
with its food. For the expensive cream there might no doubt be sub- 
stituted many cheaper kinds of fat which the young animal might be 
expected to appropriate as readily as it does the fat of the milk. Lin- 
seed meal is given with economy. Might not vegetable oils and even 
animal fats be made up into emulsions which the calf would readil 
swallow, and which would increase his weight at an equally low cost? 
A fat pease-soup has been found to keep a cow long in milk; might it 
not be made profitable also to a fattening calf? 

The selection of articles of food which will specially increase the size 
of the bones in the growing animal, by supplying a large quantity 
of the phosphates, is at present limited in a considerable degree. The 
grain of wheat, barley, and oats is the source from which these phos- 
phates are most certainly and most abundantly supplied to the animals 
that feed upon them. But in many cases corn is too expensive a food, 
and those kinds ef eorn which contain the largest proportion of the phos- 
phates supply only a comparatively small quantity in a given time to the 
growing animal. Why should not bone-dust or bone-meal be introduced 
as an article of general food for growing animals There is no reason 
to believe that animals would dislike it—none that they would be unable 
to digest it. With this kind of food at our command, we might hope to 
minister directly to the weak limbs of our growing stock, and at pleasure 
to provide the spare-boned animal with the materials out of which a 
limb of great strength might be built up. 

Chemical analysis comes further to our aid in pointing out the kind 
of food we ought to give for the purpose of increasing this or that part 
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of tne animal body. Thus in regard to the same growth of bone, it ap- 
pears that, while linseed and other oil cakes are mainly used with the 
view of adding to the fat, some varieties are more fitted at the same time 
to minister to the growth of bone than others are. Thus, four varieties 
of oil-cake examined in my laboratory, contained respectively of earthy 
phosphates and of other inorganic matter in 100 lbs. the following quan- 
tities :— 
PER CENTAGE OF 


Earthy phosphates. Other inorganic matter. 
British linseed cake . . 2°86 2°86 
Dutch do. om toe 20 2°54 
Poppy cake. ¢. sss. Ose 1-24 
Dodder cakevn .ijyaa ere, G-6F 3°37 


The numbers in the first column, opposite to poppy and dodder cake, 
show that these varieties of oil-cake contained a much larger proportion 
of the phosphates than the others did, and consequently that an equal 
weight of them would yield to growing stock more of those substances 
which are specially required to build up their increasing bones. 


§ 10. Kind and quantity of additional food required by a 


pregnant animal. 


The food of the pregnant animal must sustain the full-grown mother, 
and must add at the same time to the substance of her unborn young. 
The quantity of food which is necessary to sustain the mother—if herself 
full-grown, which is often far from being the case—varies with many 
circumstances. 

It is said that in the stall an ox or a cow will eat one-fifth of its weight 
of turnips in a day, or one-fiftieth of dry food, such as hay and straw. 
With this allowance of food the animal would probably increase in 
weight in some degree,—but according to Riedesel one-sixtieth of its 
weight of dry hay is necessary merely to sustain it. From what we 
have already seen of the composition of the different grasses, it is obvi- 
ous that the quantity required will be much affected by the kind of hay 
with which the animal is fed. 

To nourish the young calf in the womb of its mother, an additional 
quantity of food must be given, and this quantity must be increased as 
the state of pregnancy advances. And though the kind of additional 
food which is given must readily supply the materials of the growing 
bones and muscles of the foetus, yet it must contain also a larger quan- 
tity of starch or sugar also than the mother in her ordinary state would 
require. ‘This is owing to the circumstance that the mother must now 
breathe for two animals, for herself and her young. The quantity of 
blood is increased, more oxygen is taken in by the lungs, and more carbon 
is given off in the form of carbonic acid. ‘To supply this carbon, more 
of farinaceous or saccharine food must be eaten from the time when 
pregnancy takes place, and it must increase as the young animal en- 
larges in size. 

Except in the way of feeding the mother, in all respects well, I am 
not aware that any experiments have been made with the view of spe- 
cially affecting the condition of the future calf by the kind of food given 
to the mother. A certain proportion of bone and muscle no doubt must 
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be supplied to the young animal by the food given to the mother, or the 
bones and muscles of the mother herself will be laid under contribution to 
supply it—but it does not appear impossible to affect the size of the bone 
by the quantity of phosphates which are given in the food, or the growth 
and development of the muscles by that of the gluten, fibrin, or casein 
with which the mother is fed. Might not an additien of bone-meal to the 
food of the pregnant cow give a calf of larger bone? Would not bean- 
meal or skim-milk add to the size of its muscles? 


§ 11. Kind and quantity of additional food required by a 
milking animal. 

After the young animal is born, the mother has still to feed it with her 
milk. And as the calf grows rapidly, the food it requires increases daily 
with its bulk, and the demands upon the mother therefore every day be- 
come greater. At this period, therefore, the cow must obtain larger sup- 
plies of food to sustain herself and to produce a sufficient quantity of 
milk for her calf than at any other period. If these adequate supplies 
are not given, a portion is daily taken from her own substance—her body 
becomes leaner, and her limbs more feeble, while her young also is 
stinted and puny in its growth. 

By-and-bye, however, the calf begins to pick up food for itself. It 
begins to live partly upon vegetables. The mother is in consequence 
relieved of a part of her burden—her udders are less drawn upon—the 
quantity of milk secreted becomes less—she begins again to lay muscle 
and fat upon herself—her udders at length become dry, and she slowly 
recovers her original plump condition. She has, indeed, at this period a 
tendency to fatten if the same supply of food is continued to her, and 
in many districts it is custemary to feed her off at this time for the 
butcher. 

What I have already said of the artifices by which the food given to 
the cow may possibly be made to affect the bodily character of the future 
calf, applies equally to the means of more or less effectually promoting 
the growth of the young animul while it is fed solely upon miJk. The 
kind of food given to the mother may make the milk richer in curd, 
which will promote the growth of muscle—or richer in phosphates, by 
which the enlargement of the bones of the calf will be assisted. Scarcely 
any two samples of milk, indeed, are found, upon analysis, to contain 
the same proportion of phosphates and of other saline substances, and 
there is little reason to doubt that if an unusual quantity of these be given 
in the food of the mother, an unusual quantity will be found also in the 
milk she produces. 

For the production of milk the mother requires an adequate additional 
supply of all the substances which we have seen to be necessary to the 
support of the unborn foetus—of the starch as well as of the gluten and 
saline substances of the food. But it is interesting to mark the very dif- 
ferent purposes to which the additional supply of starch in ker food is 
now applied. ; 

The pregnant mother requires this starch to supply the carbon given 
off more abundantly during her increased respiration. She breathes, as 
I have already said, for her young and for herself, and therefore gives 
off more carbon from her lungs. 
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But when the young animal is born it breathes for itself. It must, 
therefore, be supplied with that kind of food which seems specially in- 
tended to meet the wants of respiration. 

Thé additional starch eaten by the mother, therefore, instead of being 
breathed away in her own lungs, is conveyed in the form of sugar into 
the food of the young animal. It is changed into the sugar of the milk, 
and the natural function of this sugar is to supply the carbon which the 
young animal gives off when it begins to breathe for itself. 

It is not difficult to understand the kind of process by which the 
starch of the mother’s food is converted into the sugar of her milk. If to 

2 of starch = 24C + 20H + 200, 
we add 4 of water = 4H + 40, 


we have 24C + 24H + 240, which is the formula for 
milk sugar. In passing through the digestive organs of the cow, there- 
fore, the elements of the 2 of starch require only to be combined with 
those of 4 of water to be converted into the sugar of milk. 

But though it is not difficult to understand in what way this change 
may be effected, yet it is exceedingly interesting to find that such a 
chemical change as this should be made to commence at a certain special 
epoch with a view to a certain special end. : 

Milk is a perfect food for a growing animal, containing the curd which 
is to form the muscles, the butter which is to supply the fat, the phos- 
phates which are to build up the bones, and the sugar which is to feed 
the respiration. Nothing is wanting init. The mother selects all the 
ingredients of this perfect food from among the useless substances which 
are mingled in her own stomach with the food she eats—she changes 
these ingredients chemically in such a degree as to present them to the 
young animal in a state in which it can most easily and with least labour 
employ them for sustaining its body—and all this she begins to do at a 
given and appointed moment of time. How beautiful, how wonderful, 
how kindly provident is all this! 


But apart from its natural use in the economy of nature, milk may be 
regarded as an article of manufacture—an important article of agricul- 
tural husbandry. As a mere producer of milk for other purposes than 
the feeding of calves, the cow will be differently fed according to the pur- 
pose for which her milk is intended to be employed, or the form in which 
it is to be carried to market. 

a. The town dairyman, who sells his new milk to daily customers, 
requires quantity rather than quality. He gives his cattle, therefore, 
succulent food in which water abounds—green grass—forced rapidly for- 
ward by irrigation or otherwise—green clover, young rye, brewers’ 
grains, 6r hay tea.* In this way, without the actual addition of water, 
he can make his milk thin, and increase its bulk. 

b. Those, again, who desire much rich cream, or who grow milk for 

” A mixed hay tea and pease soup, which is excellent for makinz cows give milk, is pre- 


pared by putting hay into a pot in alternate layers, sprinkling between each o handful of 
pease-meal, adding water and bringing to a boil. 
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the manufacture of bulter, pay less attention to the bulk of the milk 
itself than to that of the cream they can collect from its surface. The 
proportien of butter is increased by the use of food which contains much 
fatty matter—of any of those kinds of food, indeed, by which an ox can 
be made rapidly to lay on fat. Oil-cake has by some been objected to 
as likely to give a taste to the milk, but it may be safely used in small 
quantity, and gives an abundant and good flavoured cream. 

c. In cheese countries, again, it is the curd that is chiefly in request. 
No doubt the value of a cheese depends much upon the proportion of 
butter it contains diffused throughout its substance, but the weight of 
cheese produced upon a farm depends mainly upon the quantity of curd 
which the milk of the dairy yields. Where skim-milk cheese is made, 
the weight of produce obtained depends almost solely upon the richness 
of the milk in curdy matter. Clovers, vetches, and pea straw abound in 
casein or vegetable curd, and thus give a rich and productive milk to the 
cheese maker, while bean-meal and pease-meal, in so far as they can be 
given to the cow with safety, may with advantage be employed to pro- 
duce the same effect. As every thing which tends to lay on fat on the 
animal is likely also to increase the proportion of butter in its milk, so 
every thing which promotes the growth of muscle will also add to the 
richness of the milk in curd or cheese. 


§ 12. Influence of size, condition, warmth, exercise, and light, on the 
quantity of food necessary to make up for the natural waste. 


But the quantity of feod ef any kind which an animal will require is 
affected by many circumstances. Thus— 

1°. The size and condition of the animal will regulate very much the 
quantity of food which is necessary to sustain it. The larger the mus- 
cles and bones the greater will be the daily waste, and the greater the 
quantity, therefore, of the food necessary to replace it. Ifan animal re- 
quire a 50th or a 60th ef its weight of dry food daily, of course his size 
and weight will regulate almost entirely the quantity of food he onght to 
eat. 

A knowledge of this circumstance is occasionally of economical value 
to the stock feeder er dairy farmer, and will modify very much the line 
of conduct he may be inclined to adopt as the most profitable. 

A large animal requires more food to keep it in its actual condition— 
to make up, that is, forthe natural waste. If you wish to convert much 
produce into much rich dung, therefore, keep large animals. They will 
convert alarge quantity of vegetable matter into manure without adding 
any thing to their own substance. If one-fiftieth of its weight of dry 
food be necessary to sustain it, then an animal of 100 stones weight will 
convert two stones of hay daily intodung. Whatever it eats beyond the 
two stones, will go to the increase of its weight. 

But a small animal, of 50 stones, requires only one stone a day to sus- 
tain its body, or converts one stone wholly into dung. Whatever it eats 
beyond this quantity, therefore. will go to the production of increased 
beef and bone. Hence, if [ have a given quantity of vegetable produce, 
[ ought to be able to manufacture more beef from it by the use of small 
cattle than of large, provided my large and small stock are equally pure 
in breed, are equally quiet, and are as kindly feeders. 
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The same reasoning applies to dairy cows of different breeds. If I 
give two stones of hay to asmail Shetland cow, she may not convert 
more than one of them into dung, the other she may consume for the 
production of milk. But if I give the same quantity to a cow of double 
the size, nearly the whole two stones may be converted into dung—may 
be employed in sustaining the animal—and if she yield any milk at all, 
it will be poor and thin. 

This reasoning “accounts for the fact which has been long observed, 
that small breeds of cattle give the richest milk, and that such as the 
small Orkney breed yield the largest produce of butter and cheese from 
the same quantity of food. They waste less of their food in sustaining 
their own bodies. Lean, spare cows also require less to sustain them ; 
and hence the skin-and-bone appearance of the best milkers among the 
Ayrshire and Alderney breeds. 

2°. The quantity of exercise which an animal takes, or of fatigue it 
is made to undergo, requires a proportionate adjustment in the quantity 
of food. The more it is exercised the more frequently it breathes, the 
more carbon it throws off from its lungs, the more starch or sugar con- 
sequently its food must contain. If more is not given to it, the fat or 
other parts of the body will be drawn upon, and the animal will become 
leaner. 

Again, the natural waste of the muscles and bones is said to be caused 
by, or at least to be in proportion to, the degree of motion to which the 
several parts of the body are subjected. Take more exercise, therefore, 
move one or more limbs oftener than usual, and a larger part of the sub- 
stance of these limbs will be decomposed, removed, and rejected in the 
excretions. Elence the reason why hard work requires good food, and 
why the strength of all animals is diminished, if they be subjected to 
great fatigue and are not in an equal degree supplied with nourishing 
food, by which the wasting parts of the body may be again built up. 

3°. The degree of warmth in which the animal is kept, or the tem- 
perature of the atmosphere in which it lives, affects also the quantity of 
food which the animal requires to eat. ‘The heat of the animal is inse- 
parably connected with its respiration. The more frequently it breathes, 
the warmer it becomes, and the more carbon it throws off from its lungs, 
It is believed, indeed, by many, that the main purpose of respiration is te 
keep up the heat of the body, and that this heat is produced very mueh 
in the same way as in a common fire, by a slow combustion of that car- 
bon which escapes in the form of carbonic acid from the lungs. Placea 
man in a cold situation, and he will either starve or he will adopt some 
means of warming himselt. He will probably take exercise, and by this 
means cause himself to breathe quicker. But to do this for a length of 
time, he must be supplied with more food. For not only does he give 
off more carbon from his lungs, but the exercise he takes causes a greater 
natural waste also of the substance of his body. 

So it is with all animals. The greater the difference between the tem- 
perature of the bedy and that of the atmosphere in which they live, the 
more food they require to ‘* feed the lamp of life’—to keep them warm, 
that is, and to supply the natural waste. Hence the importance of plan- 
tations as a shelter from cold winds to grazing stock—of open sheds to 
protect fattening stock from the nightly dews and colds—and even of 
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eloser covering to quiet and gentle breeds of cattle or sheep, which feed 
without restlessness and quickly fatten. 

A proper attention to the warmth of his cattle or sheep, therefore, is of 
great practical consequence to the feeder of stock. By keeping them 
warm he diminishes the quantity of food which is necessary to sustain 
them, and leaves a larger proportion for the production of beef or 
mutton. 

Various experiments have been lately published, which contirm the 
opinions above deduced from theoretical considerations. Of these I shall 
only mention one by Mr. Childers, in which 20 sheep were folded in 
the open field, and 20 of nearly equal weight were placed under a shed 
ina yard. Both lots were fed for three months—January, February, 
and March—upon turnips, as many as they chose to eat, half a pound 
of linseed cake, and half a pint of barley each sheep per day, with a 
little hay and salt. The sheep in the field consumed the same quantity 
of food, all the barley and oil-cake, and about 19 Ibs. of turnips per day, 
from first to last, and increased on the whole 36 stones 8 lbs. Those 
under the shed consumed at first as much food as the others, but after 
the third week they eat 2 lbs. of turnips each less in the day, and in the 
ninth week, again 2 lbs. less,or only 15 lbs. aday. Of the linseed-cake 
they also eat about one-third less than the other lot, and yet they in- 
creased in weight 56 stones 6 lbs., or 20 stones more than the others. 

Thus the cold and exercise in the field caused the one lot to convert 
more of their food into dung, the other more of it into mutton. 

But why did the sheltered sheep also consume less food? Why did 
they not eat the rest of the food offered them, and convert it also into 
rautton? Because the stomach of an animal will not do more than a 
certain limited amount of work in the way of digesting, after the wants 
of the body are fully supplied. When circumstances cause the sustain- 
ing quantity of food to increase, the digestive powers are stimulated into 
unusual activity, and though plenty of food be placed before the animal 
it may be unable to consume and digest more than is barely sufficient to 
keep it in condition. If the sustaining portion be lessened, by placing 
the animal in new circumstances, more food may be digested than is ab- 
solutely necessary to supply the daily waste—that is to say, the animal 
may increase in weight. But the unusual stimulus being removed, it 
may not now be inclined, perhaps not be able, to digest so large a quan- 
tity as it did before when that large quantity was necessary to sustain its 
body—that is to say, that while it increases in weight it will also con- 
sume less food. 

4°. The absence of light has also a material influence upon the effects 
of food in increasing the size of animals. Whatever excites attention in 
an animal, awakens, disturbs, or makes it restless, appears to increase 
the natural waste, and to diminish the effect of food in rapidly enlarging 
the body. The rapidity with which fowls are fattened in the dark is 
well known to rearers of poultry.* In India, the habit prevails of sew- 
ing up the eyelids of the wild hog-deer, the spotted deer, and other wild 


* It is astonishing with what rapidity fowls (dorkings) increase when well fed, kept in con- 
fined cribs, and in adarkened room. Fed ona mixture of 4 lbs. of oatmeal, 1 lb. of suet, 
and 3 Ib. of sugar, with milk for drink five or sixtimes a day in summer, a dorking will add 
to its weight 2 lbs. in a week, sometimes 1} lbs. in four days. A young turkey will lay on 3 
.bs. a week, under the same treatment. 
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animals when netted in the jungles, with the view of taming and speedily 
fattening them. The ahsence of light indeed, however produced, seems 
tu soothe and quiet all animals, to dispose them to rest, to make less food 
necessary, and to induce them to store up more of what they eat in the 
form of fat and muszle. 

An experiment made by Mr. Morton, on the feeding of sheep, shows 
the effect at once of shelter, of quiet, and of the absence of light upon 
the quaatity of food eaten and of mutton produced from it. 

Five sheep, of nearly equal weights, were fed each-with a pound of 
oats a-day and as much turnips as they chose to eat. One was fed in 
the open air, two in an open sheJ—one of them being confined in a crib— 
two more were fed iv a close shed in the dark—and one of these also was 
confined in a crib, so as to lessen as much as possible the quantity of ex- 
ercise it should take. The increase of live weight in each of the five, 
and the quantity of turnips they respectively consumed, appear in the 
following table :— 


Increase 
LIVE WEIGAT. for each 
ae -— Increase. Turnips 100 Ibs. of 
Nov. 18. March 9. eaten. turnips. 
lbs. tbs. Ibs. Ibs. lbs. 
Unsheltered. . . . . 108 131°7 23-7 1912 1:2 
Inopensheds . .. . 102 129°8 278 1394 2:0 
Do., but confined in cribs 108 130°2 222 1238 18 
In a close shed in the dark 104 132-4 23-4 886 31 
Do., but confined in cribs lll 1313 20°3 886 24 


From this table it appears, as we should have expected— 

a. That much less—one-third less—turnips was eaten by the animal 
which was sheltered by the open shed, than by that which was without 
shelter, while in live weight it gained four pounds more. 

b. That in the dark the quantity of turnips eaten was one-half less, 
and the increase of weight a little greater still. 

ce. But that when confined in cribs—though the food eaten might be a 
little less—the increase in weight was not so great. ‘The animal, in 
fact, was fretful and restless in confinement, and whatever produces this 
effect upon an animal prevents or retards its fattening. : 

d. That the most profitable return of mutton from the food consumed, 
is when the animal is kept under shelter and in the dark. 

- Such a mode of keeping animals, however, must not be entered upon 
hastily or without due consideration. The habits of the breed must be 
taken into account, the effect of the confinement upon their health must 
be frequently attended to, and, above all, the ready admission of fresh air 
and a good ventilation inust not be forgotten. By a neglect of the pro- 
per precautions, unfortunate results have frequently been obtained and a 
sound practice brought into disrepute. 

5°. Ventilation and cleanliness indeed are important helps to economy 
in the feeding of all animals. Shelter and warmth will do harm, if free 
and pure air is not admitted to the fattening stock. The same is true of 
cleanliness, so favourable to the health of all animals. The cleaner 
their houses and skins are kept, the more they thrive under any given 
form of treatment in other respects. 
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§ 13. Influence of the form or slate in which the food is given on the 
quantity required by an animal. 

The state in which the food is given to his stock has often an important 
influence upon the profits of the feeder. Thus— 

1°. J'he souring of the food, in some cases, makes its use more econo- 
mical. Arthur Young details several series of experiments on the fat- 
tening of pigs, in which bean mea! was given mixed with water in the 
sweet state, and after it had been allowed to stand several days to sour. 
In every case in which it was given sour, the pork obtained gave a profit 
upon the price of the meal, while in every case in which the same meal 
was given sweet and in equal quantity, the price ebtained for the pork 
was less than that which was paid for the meal. 

Upon sour food, indeed, pigs are universally observed to fatten best. 
In Holstein, it is customary to collect waste green herbage of every kind, 
and to let it sour in water. It then fattens pigs which would scarcely 
thrive on it before. During this souring of vegetable matter in water, it 
is lactic acid—the acid of mi!k—which is chiefly produced. This acid, 
therefore, would appear to favour the increase of size in the pig, and to 
this cause may be owing the profitable use of sour whey in feeding this 
kind of stock in cheese-making districts. 

[ have been told by some cow-feeders who use brewers’ grains, that 
the dry cows, when fattening off, relish the grains most when slightly 
sour, and fatten most quickly upon them. From others, however, I 
have obtained a contrary opinion, and have been assured that fattening 
stock of all kinds like the grains best, and thrive best upon them, when 
perfectly sweet and fresh. Itis a matter of doubt, therefore. whether or 
not the souring of food generally, of all kinds and for all kinds of stock, 
can be safely tried or recommended. 

2°, The boiling or steaming of dry food, and even of potatoes and tur- 
nips, is recommended by many as an economical practice. I believe 
that the general result of the numerous experiments which have been 
made upon this subject in various parts of the country is in favour of 
this opinion in so far as regards fattening and growing stock. It seemsa 
more doubtful practice in the case of horses which are intended for heavy 
and especially for fast work—though even for these animals the use of 
steamed food is beginning to be adopted by some of the most extensive 
coach contractors. [Stephens’ Book of the Farm.] 

3°. Itis a curious fact not less worthy of the attention of the chemist 
than it is of the practical man, that the age of the food singularly affects 
its value in the nourishment of animals. Thus new oats are not con- 
sidered fit for hunters before the months of February or March. They 
affect the heels and limbs with something like grease, and make the 
horse unfit for fast work. Nor is it merely water which the grain loses 
by the five or six months’ keeping—for if it be dried in the kiln it is still 
unfit for use, from its stimulating in an extraordinary degree the action 
of the kidneys. Some chemical change takes place in the interior of the 
oat which has not yet been investigated. 

The potato, on the other hand, by keeping, loses much of its nutritive 
yalue, even before it has begun to sprout—and every feeder knows that 
turnips which have shot into flower, add much less than before to the 

weight of his fattening stock. 
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§14. Influence of soil and eulture on the nutritive value of agricultural 
produce. 

I have on several former occasions, (pages 500 to 528), directed your 
attention to the remarkable influence which seil, culture, and climate 
have upon the chemical composition of the diflerent corn and green crops 
usually raised for food. Every such change of composition alters also 
the nutritive yalue of any given crop. If the wheat or barley be richer 
in gluten, it will build up more niuscle—if it abound more in starch, a 
smaller weight of it will supply the carben of respiration—if it be richer 
in fatty matter, it will round off the edges of the bones, and fill up the in- 
equalities in an animal’s body more quickly with fat. Such differences 
as these I have already shown you do really exist among samples of the 
same kind of grain grown upon soils either of different quality, or of the 
same quality when differently cultivated or manured. 

But this ditferent culture or manuring affects the relative proportions 
of the several kinds of inorganic matter also—the phosphates and other 
saline substances—which are known to exist necessarily in all vegetable 
productions. In illustration of this, I would direct your attention to the 
following analyses—made in my laboratory by Mr. Fromberg—of the 
ash of two samples of the same kind of turnip (red topped yellow) 
raised by Lord Blantyre, on the same field, the one with guano alone, 
the other with farm-yard dung alone. The quantity of ash left by the 
two varieties of turnip was 0-68 and 0-7 per cent. respectively, and this 
ash was composed as follows :— 


Composition of the ash of turnips raised with guano, and with farm-yard dung. 


GUANO. DUNG. 

Sattion Exterior. hiterior. Exterior. 
Chloride of Potassium . 5-56 5-03 5-40 10°71 
Sulphate of Potash . . 30°85 37 04 31:20 35°47 
Carbonate of Potash . . 11°38 9-03 36 74 17-63 
Phosphate of Potash. . 20:93 10-17 5°51 3°65 
——————_ Lime .. . 4-55 ~ 449 1:58 2:02 

Magnesia . 0:34 1:62 2°63 3°13 

—_—__—_—_—— _ Alumina . 487 9.94 0-92 2°76 
Carbonate of Lime . . 9:52 9-72 11°56 14-82 
AUMIN Gece re oii. Leyes cos 5:09 2°79 0-94 0-46 
Oxide of Manganese. . 3-21 590 2:60 5.33 
Silientrs, oe se eee se 1:65 3:43 o 3:04 


97:95 99-16 99-08 99-02 


The most striking difference between the two varieties of ash is in the 
proportion of phosphates they respectively contain. The ash of the 
guano turnips contained from 25 to 30 per cent. of phosphates, that of 
the dung turnips only from 9 to 11 per cent. This could not fail to 
make an important difference in their relative values for the feeding of 
stock whose bones are growing, and which require, therefore, a larger 
supply of phosphates in their food. 

The phosphates of lime and magnesia form, as we know, one of the 
valuable constituents of guano, but we could scarcely have inferred that 
this manure would have caused so much larger a proportion of these 
phosphates to enter into the constituents of the turnips raised with them. 
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It is not unlikely that turnips, raised from bones, will also abound more 
largely in phosphates than turnips raised from dung or rape dust, and 
may therefore be better fitted for growing stock. 


§15. Can we correctly estimate the relative feeding properties of different 
kinds of produce under all circumstances. : 

Since the several nutritive effects of different kinds of food are de- 
pendent upon so many circumstances—upon the state of the animal 
itself—the purpose for which it is fed—the mode in which it is housed 
and protected—the form and period at which it is given—can it be pos- 
sible to classify them in an order which will indicate their relative feed- 
ing values in all cases and for all purposes? This is obviously impos- 
sible. We may easily arrange them in the order of their relative values 
in reference to some one of the several purposes for which food is given. 
We may shew in as many different tables the order of their relative 
values in laying on fat—in increasing the muscles—or in promoting the 
growth of bone; but we cannot arrange theoretically, nor can experi- 
ment ever practically classify, all our common vegetable productions in 
one invariable order which shall truly represent their relative values in 
reference to each of these three different points :— 

1°. Experimental values.—This, however, practical writers have often 
attempted todo. Making their experiments in different circumstances, 
with different varieties of the same produce, upon different kinds of 
stock, or upon animals fed for different purposes, they have obtained re- 
sults of the most diversified kind, and have classified the several kinds of 
fodder in the most unlike order. I se’ect a few of these results for the sake 
of illustration. ‘Taking 10 lbs. of meadow hay as a standard,—then, to 
produce an equal nutritive effect, the different quantities of each of the 
other kinds of fodder represented by the numbers in the following table 
ought to be used—according to the several authors whose names are 
giver. 


Experimental quantities of fodder which must be used to produce an 
equal nutritive effect, according to— 
Schwertz. Block. Petri. Thacr. Pabst. Meyer. Middleton. 


Meadow hay . . 10 10 10 10 10 10 10 
Aftermath hay . 11 _ 10 —- — — _ 
Cloverhay. . . 10 10 9 9 10 — =~ 
Green clover in flow- 

er and lucerne . — 4 — 4 42 — _ 
Lucerne hay . . oe 9 9 10 — 
Wheat straw . . — 20 36 45 30 15 —_ 
Barleystraw... 40° 19 #38 40 MN - ~ 
Watistraw’.. “se! 40 20 20 40 20 15 — 
Peastraw) « «x _ 16 20 13 15 15 _ 
Potatoes, 2. =,.. 20? 2B QO A DD iia nO 15 — 
Old potatoes . . —- 40 —- —- ~—> — _ 
Mardis (3. Bi Site were OO aS es 34 
PLUMMIWe ste ee 40) Ode! | GOn om © aor 4) DO 80 
Wheat Pi, t 3 5 6 _- — _ 
Batlegury 2 8 3 6 — 5 5, _ 
Glatt, esses fe. _ 4 7 — 6 — _ 


From an inspection of this table, we should naturally conclude eituer 
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that the different kinds of fodder vary very much in quality, or that those 
who determined their relative values by experiment must have tried 
their effects upon very different kinds of stock, fed probably also for dif- 
ferent purposes. Both of these conclusions are no doubt true. We 
know that the same kind of produce does vary very much in chemical 
constitution, but it is not likely that different samples of the same kind of 
turnip are so unlike each other that 29 lbs. of the one will go as far in 
feeding the same animal as 80 Ibs. of another. These great differences 
in the table, therefore, seem to show that different kinds or varieties of 
fodder have been used, or under different circumstances, or results so dis- 
cordant could scarcely have been obtained. 

A certain value, it is true, attaches to the numbers in the table when 
those given by the different authors nearly agree. Thus, about 20 of 
potatoes and 30 of carrots appear to be equal in nutritive value to 10 of 
hay. It must be confessed, however, that this subject of the experimental 
value of different kinds of farm produce in feeding stock of the same 
kind for the same purposes is still almost wholly uninvestigated. Will 
none of the skilful stock feeders, of whom so many are now springing 
up, turn their attention to this interesting field of experimental inquiry ! 

2°. Theoretical values.—But the theoretical values of different kinds 
of food in reference to a particular object, can be determined by analyti- 
cal investigations made in the laboratory. This has been done ina 
very able manner by Boussingault, in reference to the value of different 
kinds of fodder in the production of muscle. These values, according to 
his analyses, are as follow, 10 of hay being again taken as a standard :— 


Theoretical quantities of different kinds of vegetable produce which will 
produce equal effects in the growth of muscle ( Boussingault) :— 
a ee eae ae P ofatoeiiwics «ish uth fed eres 
Clover hay, cut in flower. . Oldypotataes «cdowey ol wp eg dl 
IGRESERE ADs 's Gis 7k. se Carnaiss °.' 0)... Oe 
Aitermatinda. “wien wc. ‘Ppmpips 3, }.. 85... os ee 
Green clover, in flower. . . 34 | White cabbage’. SYP eere7 
Green luceme*~. 2 Be Tas | Wetties ss rt. s,s ee 


- 
nMmOoOoO 


Vigbeaipatra ge ci eA cet, GR | Peds OREM see 
Kyetiraw “%. Gi . Gt . 461") Ridian Gorn: -.” >. Va Soe 
Batley straws. </.-7. . 7" Vee | Wheath* 6 435". Pie 
Qatari 307° 3 MNO ae tyes gt? ot oo ON eee 
Pea Stray. Se me's eG [Berle eS. or eee 
Vetch straw... ey se |=) g?'| Oaksei®: 2 1! 0 ae eee 
Potato, leaves»... fats. bp )2 ..B6.| THEN, nm jo) b)-\s' Weiate Dae 
Carrot leavess: |. 68». fh -.. 8B | Qd-calat. 43) ele yaa 
Oak Jdeaves) At. Gt. Ghus UB 

This table possesses much value. It cannot, however, be relied upon 
as a safe guide in all cases by the feeder, because of the differences in 
the composition of our crops, which arise from the mode of culture and 
the kind of manure employed. It possesses, however, a higher value 
from this cireumstance—that as muscle in most animals forms the larger 
portion of their bulk, the order in which different kinds of vegetable food 
promote the growth of this part of the body, may in most eases be adopted 
as the order also of their relative values in sustaining animals and keep- 
ing them in ordinary condition. The same remark, however, will not 
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apply to animal food, since we may have a kind of animal food, such as 
gelatine, wl.ich would greatly promote the growth of muscle, but which. 
from its composition, is capable of ministering so little to the wants of 
the other parts of the body that it will not even support life for any length 
of time. 


§ 16. Effect of different modes of feeding on the manure and on the soil. 


There remains still one practical point in connection with the feeding 
of stock, to which I think you will feel some interest in attending. 

The production of manure is an object with the European farmer of 
almost equal importance with the production of milk or the fattening of 
stock. What influence has the mode of feeding or the purpose for 
which the animal is fed, upon the quantity and quality of the manure 
obtained? 

1°. The quantity of the manure depends upon the quantity of food 
which is necessary to sustain the animal. With the exception of the 
carbon, which escapes from the lungs in the form of carbonic acid, and 
a comparatively small quantity of matter which forms the perspiration, 
the whole of the food which sustains the body is rejected again in the 
form of dung. 

Now the sustaining food increases with the size cf the animal, with 
the coldness of the temperature in which it is kept, and with the quantity 
of exercise itis compelled to take. Large, hardly worked, much driven, 
and coldly housed animals, therefore, it ample food is given them, will 
produce the largest quantity of manure. It might be possible, indeed, to 
keep large animals for no other purpose but to manufacture manure—by 
giving them an unlimited supply of food, using means to persuade them 
to eat it, and causing them at the same time to take so much exercise as 
to prevent them from ever increasing in weight. 

2°. Quality of the manure.—The quality of the manure depends al- 
most entirely upon the kind of food given to an animal, and upon the 
purpose for which it is fed. 

a. The full-grown animal, which does not increase in weight, returns 
in its excretions all that it eats. The manure that it forms is richer in 
saline matter and in nitrogen than the food, because, as I have alread 
explained to you in detail (p. 472), a portion of the carbon of the latter 
is sifted out as it were by the lungs, and diffused through the air during 
respiration. In other respects, whatever be the nature of the food—the 
quantity of saline matter or of gluten it contains—the dung will contain 
nearly the same quantities of both or of their elements. 

b. The case of the fattening animal again is different. Besides the 
sustaining food, there is given to the animal some other fodder which 
will supply an additional quantity of fat. If this additional food be only 
oil, then the dung will be little affected by it. It will be little richer than 
the dung of the full-grown animal to which the same sustaining food is 
given. 

But if the additional food contain other substances besides fat—saline 
substances, namely, and gluten—then these will all pass into the dung 
and make it richer in precise proportion to the quantity of this additional 
food which is given. Thus if oil-cake be given for the purpose of laying 
on fat—the usual sustaining food at the same time being supplied—the 
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dung will be enriched by all those other fertilizing constituents present in 
the oil-cake which are not required or worked up by the fattening animal. 

Hence it is that the dung of fattening stock is usually richer than that 
of stock of other kinds. Ojil-cake would be a rich manure were it put 
into the soil at once; it is not surprising, therefore, that after it has 
parted with a portion of its oil it should still add much to the richness of 
common dung. 

A knowledge of the kind of material, so to speak, which the animal 
requires to fatten it, explains in a considerable degree another practical 
fact of some consequence through which it is not easy at first sight to see 
one’s way. ‘There are in various parts of the island certain old pastures 
which, from time immemorial, have been celebrated for their fattening 
qualities. Full-grown stock are turned upon them year after year in the 
lean state, and after a few months are driven off again fat and plump and 
fit for the butcher. This, | have been told when on the spot, has gone 
on time out of mind, and yet the land, though no manure is artificially 
added, never becomes less valuable or the pasture less rich.. Hence the 
practical man concludes that the addition of manure to the soil is un- 
necessary, if the produce be eaten off by stock—that the droppings of 
the animals which are fed upon the land are alone sufficient to maintain 
its fertility. 

But the reason of this continued richness of such old pastures is 
chiefly this—that the cattle, when put upon them, are usually full-grown 
—they have already obtained their full supply of bone and nearly as 
much muscle as they require. While on the fields they chiefly select 
fat from the grasses they eat, returning to the soil the phosphates, saline 
substances, and most of the nitrogen which the grasses contain. Their 
bodies are no doubt constantly fed or renewed by new portions of these 
substances extracted from the food they eat, but they return to the soil an 
equal quantity from the daily waste of their own bodies—and thus are 
indebted to, and carry off the land, little more than the fat in which 
they are observed daily, to increase. 

But as the materials of the fat may be, and no doubt. originally are, 
derived wholly—perhaps indirectly, yet wholly—from the atmosphere, 
the land is robbed of nothing in order to supply it, and thus may con- 
tinue for many generations to exhibit an equal degree of fertility. 

I give this only as a general explanation, by which the difficulty 
may be solved, where no other more likely explanation can be found 
in the local circumstances of the spot, or of the district in which such 
rich old pastures exist. 

e. The growing animal, again, does not return to the soil all it re- 
ceives. It not only discharges carbon from its lungs, but it also extracts 
phosphates from its food to increase the size of its bones, gluten to swell 
out its muscles, and saline substances to mingle with the growing bulk 
of its blood. The dung of the growing animal, therefore, will not be so 
rich as that of the full-grown animal fed upon the same kind and quan- 
tity of food. Hence from the fold-yard, where young stock are reared, 
the manure will not be so fertilizing, weight for weight, as from a yard 
in which full-grown or fattening animals only are fed. . 

d. The milk cow exhausts still further the food it eats. In the lean 
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milk cow, which has little muscle or fat to waste away, and, therefore, 
little to repair, the sustaining food is reduced to the smallest possible 
quantity. This small portion of food is all that is returned to the nus- 
bandman in her dung. The phosphates, salts and gluten, and even the 
starch, of the remainder of the food she eats, are transformed in her 
system, and appear again in the form of milk. The dung of the milk 
cow must be yery much poorer, and less valuable, compared with the 
food she eats, than that of any other kind of stock. 

It is true that the bulk of her dung may not be very much less than 
that of a full-grown animal which is yielding no milk, but this bulk is 
made up chiefly of the indigestible woody fibre and other comparatively 
useless substances which her bulky food contains. The ingredients of 
the milk have been separated from these other substances as the food 
passed through her body, and hence, though bulky, the dung of the milk 
cow is colder and less to be esteemed than that of the dry cow or of the 
full-grown ox. 

Nothing can more strikingly illustrate the difference between the effect 
of the digestive organs of the fattening ox and those of the milk cow 
upon the food they consume, than the well-known and remarkable dif- 
ference in quality which exists between distillery dung, obtained from 
fattening cattle fed upon the refuse of the distilleries, and cow-feeders’ 
dung, voided by milk cows fed upon nearly the same kind of food— 
namely, the refuse of the breweries. 


§ 17. Summary of the views illustrated in the present Lecture. 


The topics discussed in this Lecture are of so interesting a kind, and so 
beautifully connected together, that you will permit me, I am sure, 
briefly to draw your attention again to the most important and leading 
points. 

1°. It appears that all vegetables contain ready formed—that is, 
form during their growth from the food on which they live—those sub- 
stances of which the parts of animals are composed. 

2°. That from the vegetable food it eats, the animal draws directly 
and ready-formed the materials of its own body—phosphates to form the 
bones—gluten, &c., to build up its muscles—and oil to lay on in the 
form of fat. 

3°. That during the process of respiration a full grown man throws 
off from his lungs about 8 0z.—a cow or horse five times as much—of 
carbon every 24 hours; and that the main office of the starch, gum, and 
sugar of vegetable food is to supply this carbon. In carnivorous animals 
it is supplied by the fat of their food—in starving animals, by the fat of 
their own bodies—and in young animals, which live upon milk, by the 
milk sugar it contains. 

4°. That muscles, bone, skin, and hair undergo a certain necessary 
daily waste of substance—a portion of each being removed every day 
and carried out of the body in the excretions. The main function of the 
gluten, the phosphates, and the saline substances in the food of the full 
grown animal, is to replace the portions of the body which are thus re- 
moved, and to sustain its original condition. Exercise increases this na- 
tural waste and accelerates the breathing also, so as to render necessary 
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a larger sustaining supply of food—a larger daily quantity to keep the 
animal in condition. 

5°. That the fat of the body is generally derived from the fat of the 
vegetable food—which fat undergoes during digestion a change or trans- 
formation by which it is converted into the peculiar kinds of fat which 
are specially fitted to the body of the animal that eats it. In carnivor- 
ous animals, the fat is also derived directly from the fat of their food— 
which is, in like manner, changed in order to adapt it to the constitution 
of their own bodies. In cases of emergency, it is probable that fat may 
be formed in the animal from the starch or sugar of the food. 

6°. Inthe growing animal, the food has a double function to perform, 
it must sustain and it must increase the body. Hence, if the animal be 
merely increasing in fat, the food, besides what is necessary to make up 
for the daily waste of various kinds, must also supply an additional pro- 
portion of oil or fat. To the growing animal, on the other hand, it must 
supply also an additional quantity of gluten forthe muscles, and of phos- 
phates for the bones. If to each of anumber of animals, equal quantities 
of the same kind of food be given, then those which require the smallest 
quantity of food to sustain them will have the largest proportion to con 
vert into parts of their own substance. Hence, whatever tends to in- 
crease the sustaining quantity—and cold, exercise, and uneasiness do so 
—will tend, in an equal degree, to lessen the value of a given weight of 
food, in adding to the weight of the animal’s body. ‘To the pregnant 
and to the milk cow the same remarks apply. The food is partly ex- 
pended in the production of milk, and the smaller and leaner the cow is, 
less food being required to sustain the body, the more will remain for the 
preduction of milk. 

7°. Lastly, that the quantity and quality of the dung—while they de- 
pend in part upon the kind of food with which the animal is fed—yet 
even when the same kind of food is given, are materially atfected by the 
purpose for which the animal is fed. If it be full-grown and merely 
kept in condition, the dung contains all that was present in the food, ex- 
cept the carbon that has escaped from the lungs. If it be a growing 
animal, then a portion of the phosphates and gluten of the food are re- 
tained to add to its bones and muscles, and hence the dung is something 
less in quantity and considerably inferior in quality to that of the full- 
grown animal. 

So it is in the case of the milk cow, which consumes comparatively 
little in sustaining her own body, but exhausts all the food that passes 
through her digestive organs, for the production of the milk which is to 
feed her young. 

The reverse takes place with the fattening ox. He takes little else 
from the rich additional food he eats but the oil with which it is intended 
that he should invest hisown body. Its other constituents are for the most 
part rejected in his excretions, and hence the richness and high price of 
his dung. 


Such are the main points I have endeavoured to illustrate to you in 
this Lecture—they involve so many interesting considerations, both of a 
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theoretical and of a practical kind, that had my limits permitted I could 
have wished to dwell upon them at stil] greaver length. 


§ 18. Concluding Section. 


I have now brought the subject of these Lectures toa close. I have 
gone over the whole ground which in the outset I proposed to tread. It 
is the first time, I believe, that much of it has been trodden by scientific 
men, and I have endeavoured in every part of our journey to lay before 
you, as clearly as [ could, everything we knew of the country we passed 
over, in so far as it had a practical bearing or was likely to be suscepti- 
ble hereafter of a practical application. 

In the first Part, I directed your attention to the organic portion of 
plants—showed you of what substances it consisted—on what kind of 
organic food plants live—and by what chemical changes the peculiar 
organic compounds of which they consist are formed out of the organic 
food on which they live. 

In the second Part, [ explained in a similar way the nature, composi- 
tion, and origin of the inorganic portion of plants. I dwelt, also, upon 
the nature, origin, and natural differences which exist among the soils on 
which our crops are grown, and from which the inorganic constituents of 
plants are altogether derived. This led me to explain the connection 
which exists between Agriculture and Geology, and the kind of light 
which this interesting science is fitted to throw upon the means of prac- 
tically improving the soil. 

In the third Part, I dwelt upon the various means which may be 
adopted for increasing the general productiveness of the land—whether 
these means be of a mechanical or chemical nature. The whole doc- 
trine of manures was here discussed and many suggestions offered to 
your notice, which have already led to interesting practical results. 

In the fourth Part, L have explained the chemical composition of the 
several kinds of vegetabie produce which are usually raised for food— 
showed upon what constituents their nutritive values depend—and how 
soil, climate, and manure affect their composition and their value as 
food. The nature and composition of milk and of its products—butter 
and cheese—the theory of their manufacture, and the circumstances upon 
which their respective quantities and qualities depend—and, lastly, the 
way in which food acts upon and supports the animal body, and how the 
value of the manures they make is dependent upon the purpose for 
which the animal is fed—these subjects have also been considered and 
discussed in this fourth Part. 

In discussing new topics [ have had occasion to bring before you many 
new views. This, however, I have not done lightly or without consi- 
deration, and I feel it to have been one of the greatest advantages which 
have attended the periodical form in which these Lectures have been 
brought before the public, that it has allowed me leisure to think, to in- 
quire, and to make experiments in regard to points upon which it was 
difficult at first to throw any satisfactory light. It is gratifying to me to 
know that the general diffusion which these Lectures have obtained, has 
already done some service to the agriculture of the country. 
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APPENDIX. 


No. I. 


SUGGESTIONS FOR EXPERIMENTS IN PRACTICAL AGRICULTURE 
DURING THE ENSUING SPRING AND SUMMER. 


One of the most important objects which chemistry is at present desirous of 
attaining for the improvement of practical agriculture, is the discovery and ap- 
plication of specific or special manures. 

We know that certain substances, such as fold-yard manure, are capable of 
fertilizing to a considerable extent almost any land, and of causing it to yield 
a better return of almost any crop. But we know also that manures or fertili- 
zers of nearly every kind are more efficacious on one soil than on another, and 
that some answer better also for one species of crop than for another. The 
zase of gypsum will serve to illustrate both these positions. 

The effects of gypsum in the United States, in Prussia, and other parts of 
Germany, and in some districts of England, are said to be absolutely astonish- 
ing; while in many other parts of our Island, of Germany, and even of the 
United States, the benefit derived from it has not repaid the trouble and expense 
incurred in applying it. Gypsum, therefore, is especially adapted for use in cer- 

tain soils only. 

Again, the remarkable effects of gypsum have been observed most distinctly 
on clover* and certain kinds of grass. The same benefits have not followed, 
to any thing like an equal extent, from its use on barley, oats, wheat, or other 
kind of grain. Therefore, while specially adapted to certain soils, it is also 
specially adapted to certain crops. It is a kind of specific manure for clover 
and some of the grasses. 

Now, neither of these subjects which it is so important to investigate,— 
neither that of the manures which are especially fitted for each soil, nor of those 
which are specially fitted for each crop,—can be determined either from theory 
or from experiments devised and executed in the laboratory of a chemist. The 
aid of the practical farmer, of many practical farmers, must be called in. Nu- 
merous experiments, or trials, must be made in various localities, and by differ- 
ent individuals,—all, however, according to the same rigorous and accurate 
method,—in order that, from the comparison of many results, something like a 
general principle may be deduced. 

It is partly with a view to determine the mode of action of certain fertilizers, 
and partly in the hope of obtaining some additional light on the subject of 
manures specifically adapted to particular crops, that I venture to suggest to you 
the propriety of making one cr more of the following sets of experiments, 
during the spring and summer of the present year. I could have much enlarged 


* In regard to its use in Germany, Lampadius says,—“ It may with certainty, be stated, 
that by the use of gypsum the produce of clover and the consequent amount of live stock 
have been increased at least one-third.”’—D1e LEHRE VON DEN MINERALISCHEN DuNGMIT- 
TELN, p. 34. 
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the list of suggestions, but I neither wish to fatigue your attention, nor to place 
before you more work of the kind than can be readily accomplished, with Little 
expense of time, labour, or money. Another season will, [ hope, afford us an 
opportunity of interrogating nature by further, and perhaps more refined, modes 
of experimenting. ’ 


1. OF GRASS AND CLOVER. 


1°. It is beyond dispute, that on certain soils, gypsum causes a largely in- 
creased growth of grass and clover, but experiment alone appears capable of 
determining on what soils it is likely to be thus beneficial. Sich experiments, 
therefore, ought to be made onevery farm, on a small scale at first, and at little 
cost,* but made with care and accuracy, and with a minute attention to weights 
and measures. 

2°. The action of gypsum appears to be entirely chemical, but the only ex- 
planation of this action yet attempted is far from being satisfactory. It is desi- 
rable therefore, that experiments with other substances should be made, which 
are likely to throw light on the theory. Important practical results may at the 
same time be obtained—they are sure, indeed, to follow from a right under- 
standing of the theory. 

In the neighbourhood of Lyons, it has been found that very dilute sulphuri¢ 
acidt (oil of vitrol) exhibits the same beneficial effect upon clover, that has else- 
where attended the use of gypsum. It is desirable, therefore, that a compara- 
uve experiment should be made with this acid on a portion of the same field to 
which the gypsum is applied. Where the one fails the other may act. 

3°. It was observed by Dr. Home, of Edinburgh, so early as the year 1756, 
that sulphate of soda; had a remarkable effect in promoting the growth of plants 
—its action being nearly equal to that of saltpetre or nitrate of soda. This fact, 
though mentioned by Lord Dundonald, has been lost sight of by practical men, 
the sulphate of soda being generally represented as too high in price to be avail- 
able as a fertilizer. The use of saltpetre, however, and of nitrate of soda, both 
of which are more than double the price of sulphate of soda, show that the cost 
of this latter article should not stand in the way of an accurate trial of its value 
as a fertilizer on various crops. Dry sulphate of soda can be readily obtained 
from any of the alkali works on the Tyne,|l and being an article of domestic 
manufacture, it is proper that its merits should be ascertained, and, if it can be 
available, that its use should be encouraged. 

From the circumstance of its containing sulphuric acid, therefore, I would 
recommend that it should be tried on clover and grass, in comparison with 
gypsum and sulphuric acid, and on a portion of the same field. It may suc- 
ceed where the others fail. 

4°, Nitrate of soda also, as a top-dressing on grass land, has been often used 
with great benefit. I have seen grassland in Dumfriesshire, which, after being 
long let for pasture at 30s. an acre, had been sprinkled with an annual top- 
dressing of nitrate of soda at the rate of 20s. an acre, and had since readily let 
at £4 an acre, yielding thus an annual profit of 30s. an acre to the landlord. 

In other districts, again, it has been found to answer better for corn. Thus, 
after a discussion on this subject in the Gloucester Farmers’ Club, it was agreed, 
that nitrate of soda ‘‘was a very valuable manure for white straw crops, but 


” The price of gypsum in London is about 2s. 6d. per cwt.; in Newcastle, 3s. 

tGypsum consists of sulphuric acid and lime. 

} Glauber salis—consisting of sulphuric acid and soda. 

§ Lord Dundonald says—“‘ From experiments it has been proved to promote vegetation in 
avery high degree. The high price at present of this article precludes the use of it, but 
could it be made and sold at a cheap rate, it would prove a most valuable acquisition to agri- 
culture.” Since the time of Lord Dundonald some trials made in Germany have shown it 
to have a beneficial action on rye, potatoes, and fruit trees. 

i Messrs. Allan & Co., of the Heworth Alkali Works, deliver it in Newcastle and the neigh- 
bouring towns, at 9s. or 103. per ewt. 
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when applied to green crops the benefit was not sufficiently great to counter-bal- 
ance the expense.” In Northumberland, where it has been tried in a skilful 
manner by Mr. Gray, of Dilston, it was found to yield a most profitable return 
on both hay and barley. 

_. These results show the necessity of further trials, not only for the purpose of 
illustrating the cause of the beneficial action of this saline substance, but also 
with the view of arriving at some general rule by which the practical man may 
be guided in determining on what fields, and for what crops on those fields, the 
nitrate of soda may be beneficially applied 

This experiment, like the others above-mentioned, will be much more valua- 
ble, if made in such a way that the result can be compared with that obtained 
by the use of other chemical agents. I would, therefore, propose that in the 
same field of grass or clover, a portion should be measured off, to be top- 
dressed with nitrate of soda, that thus not only the adsolute, but also the com- 
parative, weight of the produce may at the same time be ascertained. 

5°. There are other trials also, from which this general subject is capable of 
receiving illustration. The fertilizing power of gypsum has been explained by 
its supposed action on the ammonia which is presumed to exist in the atmos- 
phere. If this be the true explanation, a substance containing ammonia should 
act at least as energetically. At all events, the action of fold-yard manure and 
of putrid urine is supposed to depend chiefly on the ammonia they contain or 
give off. Now, among the substances containing ammonia in large quantity, 
which in most towns are allowed to run to waste, the ammoniacal liquor of 
the gas works is one which can easily be obtained, and can be applied in a li- 
quid state at very little cost. It must be previously diluted with water till its 
taste and smell become scarcely perceptible. 

I would propose, therefore, as a further experiment, that along with one or 
more of the substances above-mentioned, the ammoniacal liquor of the gas 
works should be also tried, on a measured portion of ground, and, if possible, 
in the same field. 

6°. Soot, as a manure, is supposed to act partly, if not chiefly, in conse- 
quence of the ammonia it contains. In Gloucestershire it is applied to pota- 
toes and to wheat, chiefly to the latter, and with great success. In the Wolds 
of Yorkshire it is also applied largely to the wheat crop, at the rate of about 24 
bushels to the acre.* In this county it is frequently used on grass land, to the 
amount of 20 bushels an acre, and though I am not aware that it is extensively 
employed upon clover, I am inclined to anticipate that the sulphur it contains,t 
in addition to the ammonia, would render it useful to this plant. At all events, 
comparative experiments in the same field with the gypsum and the ammonia- 
cal liquor, are likely to lead to interesting results. 

7°. Common salt, highly recommended as a manure by some, has been as 
much depreciated by others, and hence, when directly applied, 1s considered as 
a doubtful fertilizer by almost all. The obscurity in regard to its use, however, 
rests chiefly on the quantity which ought to be employed. The result of com- 
parative experiments made in Germany, showed that a very few pounds per 
acre were sufficient to produce a largely increased return of grass—while in 
England it has been beneficially applied within the wide limits of from five to 
twenty bushels per acre, and, when used for cleaning the land for autumn, of 
thirty bushels an acre. 

Among the comparative experiments upon grass and clover here suggested, 
the effect of salt might also be tried with the prospect of practical benefit. It 
would give an additional interest to the experiments and supply an additional 
term of comparison. 


* The price is from 6d. to 1s. a bushel. In this county the soot is said to be often of an 
inferior quality, and brings therefore a less price. 

t The gypsum, I gig also say, for much of our soot contains gypsum, the lime being 
derived chiefly from the sides of the fine. 
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The entire series of experiments, therefore, which I would recommend, would 
occupy eight patches on a clover or grass field, one of which would be left w- 
dressed for the purpose of comparison. ‘Thus, each plot being half an acre: 


, | 
Sulphate of Ammoniacal 
Gypsum. Soda. Liquor. | 
Sulphuric Nitrate of Common | 
Acid. Soda. Salt. | Soot. 


The ammoniacal liquor and the soot are placed as far as possible from the 

pone and sulphuric acid, that they may not interfere with each other’s action. 

n a large field they might be placed still farther apart, and other trials might be 
made in one or two of the vacant places. 

The appearance of each patch should be entered, with the date, in an experi- 
ment book, at weekly intervals, and the final produce both of hay and of after- 
math carefully noted, both as to weight and quality. 

Nor will the experiment be completed when the crop for the year is gathered 
in; but, where it is possible, two further points should be ascertained,— 

1°. The relative feeding or nourishing properties of the produce. To those 
who rear and fatten cattle, this is a matter of great importance, and it is one 
which they could easily determine, at least very approximately. 

2°. What has been the permanent effect of the several substances on the soil, 
as indicated by the comparative quantity and quality of the crop obtained from 
each half acre, on the succeeding or during the two following years. ‘The result of 
these further observations may materially modify the conclusion we should draw 
from the comparative weight and quality of the produce of the first year. 

I shall only observe, in conclusion, on this head, that the result of a simulta- 
neous trial of all these substances in the same field would not only throw much 
light on the specifi¢ action of each on the grass or clover in general, but would 
be of permanent utility to that farm or locality in which the experiments were 
made. It would indicate the kind of fertilizer which was best adapted to the 
farm or neighbourhood, in the existing condition of its general culture. It would 
form a local record, useful not only to the tenant who made the experiment (if 
well made) and by whom the farm at the time was tenanted, but more useful 
by far, and more permanently so, to the owner of the land, whose interest in it 
is supposed to be not only greater, but much more lasting. 

In regard to the quantities of the several substances above-mentioned, which 
are to be applied to each acre, they may probably be varied according to cir- 
cumstances, but the following may be recommended in the comparative experi- 
ments: 

1°. Gypsum 2 to 3 ewt. per acre. 

2°. Sulphate of Soda 1 ewt. per acre. 

3°. Nitrate of Soda 1 cwt. per acre. 

4°, Soot 20 bushels per acre—this in different districts may be varied accord- 
ing to the known quality of the soot. 

5°. Of Sulphuric Acid from 30 to 40 Ibs. per acre, applied at three or four 
several intervals—and diluted with at least 200 times its weight of water. Or 
so much water may be added as to make it perfectly tasteless, or so weak as 
not sensibly to injure the texture of a plant left in it during the previous night.* 

6°. Of Ammoniacal Liquor 100 to 200 gallons per acre, according to its 
strength, for this is constantly varying. It must also be diluted with so largea 
quantity of water as will render it perfectly tasteless, and is likely to prove most 
beneficial if laid on at several successive periods. 


* The quantity above-mentioned amounts to about two gallons of the acid of the shops, and 
it should be diluted with three or four hundred gallons of water. 
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7°. Of common salt it will be safer to apply not more than four to six bushels 
an acre; though, where time and circumstances permit, comparative trials might 
also be made on the efficacy of salt when applied in different proportions, to the 
swme land on which the other experiments are made. 

_ As to the time when these several dressings ought to be applied, some varia- 
tion may be made according to the state of the young crop. ‘Chey need not, in 
general, be used before the 10th of April, and they should rarely be later 
than the middle of May. 

It will be desirable that in the detail of every set of experiments, the kind and 
quality of the soil (and subsoil) should be stated—with its drainage and expo- 
sure—and the kind of grass or clover which had been sown upon it. 


Il. OF WHEAT, BARLEY, AND OATS. 


It is known that saltpetre and nitrate of soda produce highly beneficial effects 
on all these varieties of grain. ‘There remains much to be done, however, be- 
fore the principle of their operation, or the circumstances on which their most 
useful application depends, can be clearly understood. Their relative effects on 
the same kind of grain must be made the subject of more frequent, more precise, 
and more carefully conducted experiments—and these effects must be compared 
with those of other fertilizing substances, in order that we may arrive ultimate- 
ly at some comparative estimate of the practical value of each, in increasing the 
growth and produce of these crops which are the staples of animal food. 


A .—Of Wheat. 

It is confidently stated by some, as a general rule, that saltpetre is more ad- 
vantageous than nitrate of soda, when applied to wheat. On the other hand, it 
is beyond question that the application of nitrate of soda to wheat has been 
found productive of remarkable benefit. 

Is saltpetre especially adapted for wheat of all varielies, on all soils, and under 
every variety of management, and is nitrate of soda, in like manner, especially 
fitted for barley and oats ? 

These are questions to which the experiments hitherto made do not enable us 
to give areply. New data must be obtained before we can have the means of 
reasoning usefully in regard to any of them. I would propose, therefore, — 

1°. That where two varieties of wheat are sown on the same field, or on dif- 
ferent fields of precisely the same kind of land and in the same condition, that 
two half acres of each variety should be measured off, and that one half acre of 
each should be dressed with saltpetre, and the other with nitrate of soda, at the 
rate of 1 ewt. per acre. If three varieties could be so treated, the experiment 
would be the more valuable. 

It would chus be determined how far the effect of each of these nitrates was 
dependent upon the varvety of wheat sown—and what was the relative action of 
each nitrate upon any of the varieties. 

2°. That when the same varieties of wheat are sown upon two or more dif- 
ferent soils—in different parts ofa farm—that one portion of the wheat on every 
different soil should be dressed with nitrate of soda, and another with nitrate of 
potash (saltpetre). By this experiment, it would be shown how far the effect 
of these substances is dependent on the nature of the soil, and how far the action 
of the one, compared with that of the other, is modified by diversity of soil. 

In these different experiments, the management is presumed to be the same. 
If the experiments be repeated by several persons in different parts of the coun- 
try, the effects of difference of management will, in a great measure, be shown 
in the diversity of the results. ' 

3°. With the view of ascertaining the comparative effect of the sulphate of 
soda on this crop, I would suggest that in each case above specified, an equal 
area should be set aside to be dressed with this salt, in the proportion of 1 ewt. 
per acre. 

Of each variety of wheat, therefore, and on each variety of soil, four patches 
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of equal area, say half an acre, should be measured off—one of which should be 
undressed for the purpose of comparison : thus— ; 

ae As before, the nature of the soil and the kind of 

grain must be recorded—the appearance of each patch 

noted week by week—with the time of ripening and 

reaping—and the respective qualities and weights of 
the grain and straw collected from each half acre. 

Sulphate of The quantity of gluten contained in the wheat 

Soda. should also be determined, or a sample of the flour 

—___________! transmitted for the purpose to the writer of these sug- 

stions, accompanied by a detail of the experiments they are intended to 

illustrate. 


Nitrate of 
Soda. 


Saltpetre. 


B.—Of Barley and Cats. 


To barley and oats the above remarks all apply, with this difference, that to 
these crops saltpetre is said to be less beneficial than the nitrate of soda. In 
connection with these crops, however, I would make the following additional 
observation. 

According to any theory of the action of the nitrates of potash and soda 
which readily presents itself, their effect on any crop which they are equally 
capable of benefitting ought to be nearly equal, weight for weight. The nitrate 
of soda ought to have a decidedly more powerful action, were it not that the 
state of moisture in which it is generally sold, increases its weight so much as 
in a great measure to deprive it, in equal weights, of this superiority. 

But while 1 cwt. of saltpetre (nitrate of potash) is recommended as a suffi- 
cient dressing for an acre, 1} to 14 ewt. of nitrate of soda is recommended for 
an equal area. It would, therefore, be desirable where nitrate of soda is applied 
to any large extent of land, either with oats or barley, to make a comparative 
trial on three equal portions of the same field, with 1, 1}, and 14 ewt. per acre, 
respectively. 

n addition, therefore, to the experiments suggested in regard to wheat, with 
the view of determining— 

1°; The absolute and relative efficacy of saltpetre and nitrate of soda on dif- 
ferent varieties of the grain; 

2°. The same on different varieties of soil ; 

3°. And under diversities of management,—as in the previous treatment of 
the land, &c.; 

There may be added, in regard to oats and barley, another series of trial to 
determine— 

4°. The relative effects of the different proportions of the nitrate of soda, 
which is at present supposed to be specially beneficial to these kinds of grain. 
If any one be desirous of uniting this latter series with the former, it may be 
done thus— 


The vacant half-acre being as before left 


Nitrate of for tl 3 f +] Such 
Sulphate of hy or the purpose of comparison. Such an 
Koda. |Soda, Lewt.| Saltpetre. | entire series might be made at the same 


er acre. 3 
P __| time on a field of Tartary and of potatoe 
oats, and on two or more varieties of bar- 
Nitrate of Nitrate of ley 
Soda Soda ° : 
1} ew. 1} ewt. These top-dressings may all be sown 


broad-cast—on the wheat most convenient- 
ly when the seeds are sown in April or May, and on the barley and oats when 
the fields have become distinctly green. 
I may be permitted to add, as inducements to practical men, to try one or 
more of these experiments in the accurate manner above described: 
1°. That the result will be directly available and of immediate practical value 
on his own farm, to the person by whom they are carefully made. That they 
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will be permanently useful to his landlord (if carefully recorded), ought to be 
an inducement to the latter to give every facility and encouragement to his ten- 
ant in making them. 

2°. ‘That, stead of involving expense and outlay, which in many instances 
may ill be spared, ‘icy are sure vm alinost every case to do more than repay the cost 
of making them, by the increased quantity or value of the produce obtained. 
Any of the series of experiments, on the scale suggested, may be made for five 
pounds, so that were the outlay all to be lost, the accurate knowledge obtained 
in reference to the general tillage of his land, wouid be worth more money to 
the holder of a farm of a hundred acres. 

3°. L need scarcely add, as « further inducement, the additional interest which 
such experiments give to the practice of farming—and the means they afford 
of calling forth the intelligence of the agricultural population. ‘The momenta 
man begins to make experuments uuder the guidance of an understood principle, 
from that moment he begins to think. ‘J'o obtain materials for thought he will 
have recourse to books—and thus every new experiment he makes, will further 
stimulate and awaken his intellect, and lead him to the acquisition of further 
knowledge. Does it require anything more than this general awakening of the 
minds of the agricultural class, to advance the science of agriculture as surely 
and as rapidly as any of the other sciences, the practical application of which 
have led to those extraordinary developments of natural resources which are 
the characteristic and the pride of our ume ? 


lil. OF TURNIPS. 


The raising of turnips is of such vast importance in the prevailing system 
of husbandry, that any improvement in the mode of culture must be of exten- 
sive and immediate benefit. ['xperiments so numerous and so varied have been 
made with this view, that it may almost seem superfluous in me now to make 
any further suggestions on the subject. But when experiments have been 
made with aview to one subject only, it often happens in all departments of na- 
tural science, that as new views are advanced or more precise methods pointed 
out, it becomes ne-essary to repeat all our former experiments,—either for the 
purpose of testing the results they gave us, or of observing new phenomena to 
waAich our attention had not previously been directed. 

I. Numerous experiments, for example, have been made upon the use of bones 
in the raising of turnips, but they have been chiefly directed to economical ends, 
and so far with the most satisfactory results. But among fifty intelligent and 
thinking practical men, and who all agree in regard to the profit to be derived 
from the use of bones with the turnip crop, how many will agree in regard to 
the mode in which they act—how few will be able to give a satisfactory reason 
for the opinion they entertain! The same is true of theoretical chemists, some 
attributing their effect more especially to the earthy matter, others to the gelatine 
they contain. Dry bones contain about two-thirds of their weight of earthy 
matter, the other third consisting chiefly of animal matter resembling glue. Of 
the earthy matter five-sixths consist of phosphate of lime and magnesia, and 
the rest chiefly of carbonate of lime. Thus a ton of bone dust will contain— 


Aminel matter’ est 22 ores ego lbs, 
Phospate of lime, &c. . . . . . 1245 
fi Carbonate of lime, &e. . . . . . 249 
2240 


On which of these constituents does the efficacy of bones chiefly depend 2? 
Does it depend upon the animal matter? This opinion is in accordance with the 
following facts :— 

1°. That in the Doncaster report it is said to be most effectual on calcareous 
soils,—for in the presence of lime all organic matter more rapidly decomposes, 
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2°. That horn shavings are a more powerful manure than bones,—since 
horn contains only one or two per cent. of earthy matter.* 

3°. That before the introduction of crushed bones, the ashes of burned bones 
had been long employed to a small extent in agriculture, “but have since fallen 
almost entirely into disuse. 

4°. That old sheep skins cut up and laid in the drills, have been found to 
yield as good a crop of turnips and after-crop of corn, as the remainder of the 
field which was manured with bones. 

5°. That ‘40 lbs. of bone dust are sufficient to supply three crops of wheat, 
clover, potatoes, turnips, &c., with phosphates,”’+ while one to two-thirds of a 
ton of bones, containing from 400 to 800 Ibs. of phosphates, is the quantity usu< 
ally applied to the land. : 

On the other hand, the quantity of animal matter present in a ton of bones 
(746 Ibs.) is so small, and its decomposition so rapid during the growth of the 
turnips—while at the same time the effects of the bones are so lasting and so 
beneficial to the after-crop of corn—that many persons hesitate in considering 
the great excess of phosphates applied to the land, as really without any share 
of influence in the production of the crops. 

Thus Sprengel, an authority of the very highest character, both in theoretical 
and practical agriculture, is persuaded that the phosphates are the sole fertilizing 
ingredients in bones, and he explains the want of success from the use of crush- 
ed bones in Mechlenburg and North Germany, on the supposition that the 
soils in those countries already contain a sufficient supply of phosphates, while 
in England generally they are deficient in these compounds. 

Further, if the animal matter be the fertilizing agent in bones, why are not 
they of equal efficacy on grass land as upon turnips 2 ; 

_ With the view, therefore, of leading to some rational explanation of the rela- 
tive effects of the several constituents of bones, it would be desirable to institute 
comparative experiments of the following kind— 

1°. With half a ton of bones per acre. 

2°. With three or four ewt. of horn shavings or glue per acre. 

3°. With two ewt. of burned bones per acre. 

4°, With six or seven cwt. of burned bones per acre. 

The quantity of burned bones in No. 4 is that which is yielded by a ton of 
fresh bones; that in No.3 is upwards of five times what should be taken up by 
the crops—as great part of what is added must be supposed to remain in the 
soil, while some must be dissolved and carried off by the rains. 

The result of such experiments as these, if made accurately on different soils, 
will lead us sooner to the truth than whole volumes of theoretical discussion. 


lI. Nitrate of soda has also been applied with great benefit in the culture of 
turnips. ‘Some experiments, exceedingly favourable in an economical point of 
view, have been made by Mr. Barclay, of Eastwick Park, Surrey,t who found 
that one cwt. per acre, drilled in with the seed, gave as great a return of Swedes 
as 15 bushels of bones with 15 of wood ashes per acre, and when the nitrate of 
soda was sown broadcast, from 20 to 25 per cent. more. In every part of the 
country, therefore, this substance ought to be tried. And as this nitrate is very 
soluble in water, and may therefore be readily carried off by the rain, and as 
that only which is within reach of the plant is of any avail, [ would suggest 
that not more than one-fourth of the whole should be drilled in with the seed, 
for the purpose of bringing away the plant; and that after the thinning by the 
hoe, the rest should be strewed along the rows by the hand or by the drill. In 


* This, I believe, is rather a matter of opinion than the result of a sufficient number of ac- 
tual trials. Some trials made by Mr. Hawden (British Husbandry, Lp. 395) gave results 
very unfavourable to horn shavings. 

t Liebig, p. 84. The acre here spoken of is the Hessian, about three fifths of the English 
acre. The English, therefore, will require 66 lbs. 


$ Journal of the English Agricultural Society, I. p. 428. 
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this way the whole energy of the salt being expended where it is required, the 
greatest possible effect will be produced. 

IIf. I have already stated the reasons which lead me to anticipate highly be- 
neficial effects to vegetation from the use of sulphate of soda; I would suggest, 
therefore, a trial of this salt on the turnips also, at the same rate of 1 ewt. per 
acre, and applied in the way above recommended for the nitrate of soda. Of. 
course the intelligent farmer will vary the proportions and mode of application 
of these substances, as his leisure or convenience permit, or as his better judg- 
ment may suggest to him. 

The entire series of experiments on turnips, above suggested, may be repre- 
sented as follows, adding two plots for different proportions ef the nitrate and 


sulphate of soda :— 


Burned Bones, 
2 cwt. per acre. 


Bumed Bones, 
6 or7 cwt. per 
acre. 


Unmanured. 


Nitrate of Soda, 
14 cwt. per acre. 


Sulphate of 
Soda, 
lcwt. per acre. 


Sulphate of 
Soda, 


Bone Dust, or 
Crushed Bones, 
1 ton per acre. 


Horn Shavings, 
or Glue,7 or 8 
cwt. per acre. 


Nitrate of 
Soda, 


(12 cwt. per acre.{ 1 cwt. per acre. 


Some of these experiments most of you may easily try. Those with the 
burned bones and horn shavings, which in this part of the country are less easy 
to be obtained, it is not to be expected that many of you will think of undertak- 
ing. I hope, however, that they will not be lost sight of by those who possess fa- 
cilities for obtaining them in sufficient quantity to make a satisfactory experiment. 

In many parts of the United States, gypsum is the universal fertilizer for 
every crop, and among the rest it is said to benefit turnips. ‘The same opinion 
is entertained in Germany. I am not aware how far, in what way, or with 
what results, it has been applied to the turnip crop in this country. A simple 
mode of testing its efficacy, however, would be to strew it over the plants when 
in the rough leaf, on part of a field, the whole of which had been already ma- 
nured in the ordinary way with fold-yard manure. The difference of produce 
would thus show its efficacy, in the given circumstances; and the experiment 
could be made effectually at the cost of a single ewt. of gypsum. 

I have not included rape dust among the trials above suggested, though it is 
undoubtedly, under certain modes of management, a beneficial manure both to 
corn and turnip crops. There is also a diversity of opinion as to the cause of 
its fertilizing action, as well as a manifest difference in the effect of different 
samples of the dust on the same soil. Though, therefore, certain experiments 
which I may on a future occasion suggest, would undoubtedly throw light on 
the cause of the good qualities of this manure, yet as its action (taking different 
samples) is not constant on the same soil, results obtained with it cannot pos- 
sess the same importance, either theoretical or practical, as those which are ob- 
served to follow from the use of bones and of saline substances, the composi- 
tien of which is nearly invariable. 

Many farmers, however, are in the habit of constantly using rape dust. If 
any of these could conveniently make experiments on the effect of different sam- 
ples of the cake, from different kinds of seed, and from different oil mills, and 
would accurately note the results, they would perform an important service in 
preparing the way for that clear explanation of the cause of its fertilizing action, 
which is at present wanted,* and which experiment alone can discover to us. 


* Its good effects are generally attributed to the oil which is left in the seed, and its vary- 
ing action to the ditferent quantities of oil left in it by different crushers. I doubt, however, 
if the oil ought to be considered as more than a secondary cause of its beneficial action. 
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1°. Nitrate of soda has been applied with great benefit to potatoes also. Af- 
ter the potatoes have been harrowed down and pend) hoed, and the plants are 
four to six inches above the ground, it is applied by the hand round the stem 
of the plants, and the earth then set up by the plough. Mr. Turnbull, in Dum- 
bartonshire, last year used it in this way at the rate of 14 to 2 ewt. per Scotch 
acre, (14 English acres,) and the produce exceeded that of the land to which no ° 
nitrate was applied, by 20 Scotch bolls to the Scotch acre. 

2°. Applied in the same way there is every reason to believe that the sul- 
phate of soda would have a highly beneficial effect also I repeat my recom- 
mendation that this substance should be fairly tried with every crop, because it 
is a product of our own manufactories, which can be supplied in unlimited 
quantity, and without the chance of any material increase of cost: while the 
nitrate of soda is already in the hands of speculators, and within a short period 
has risen in the market to the extent of nearly one-third of its former price. 

In plastering their potatoes, the Americans generally put in a spoonful of 
gypsum with every cutting—a similar method, if preferred, might be adopted 
with the nitrate and sulphate of soda, though the chance of loss by percolation 
through the soil, would, by this method, be in some degree increased. In Flan- 
ders, wood ashes and rape dust are frequently thrown in by the hand, when each 
cutting is introduced. 

3°. I shall have occasion hereafter to recommend to the attention of the prac- 
tical farmer, many waste materials of various kinds, thrown out from our manu- 
factories, the application of which to useful purposes would be a great national 
benefit. In reference to the culture of potatoes, [ will here bring under your no- 
tice the chloride of calcium, which is said to have been beneficially applied to 
various crops, but to potatoes especially, with surprising effect. Under the in- 
fluence of this substance the sunflower and maize have grown to the height of 
14 to 18 feet, and potatoes have attained the weight of 2to 3lbs.* In Germany, 
Sprengel also found it useful to potatoes.—( Chemie fiir Landwirthe, F. p. 635.) 

Thousands of tons of chloride of calcium may every year be prepared from the 
waste materials which flow into the river Tyne, from the alkali works upon its 
banks. Thousands of gallons of the solution of this substance yearly run off 
from the works of Messrs. Allan & Co at Heworth, and might be procured for 
little more than the expense of collecting. It is also contained largely, though 
mixed with other substances, in the mother liquor of the salt pans; and from the 
numerous salt works on the coast might readily be obtained for trial. When 

repared in the dry state, this substance rapidly deliquesces and runs into a liquid. 
he most convenient way of applying it, therefore, would be in the state of so- 
lution—so largely diluted asto have only a slight taste—and by means of a wa- 
tering cart so contrived asto allow itto flow on the tops of the ridges and young 
lants, by which unnecessary waste would be prevented. 

Without knowing the strength of the solution likely to be obtained from the 
works, it is impossible to give any idea of the quantity of the chloride of ealctum 
which ought to be employed; but 500 gallons per acre may safely be used, if 
the solution be so far diluted as to have only a decided tasie of the substance. 

The experiments here suggested, therefore, require four patches, as follows :— 
) These experiments are supposed to be made in ground 
already prepared for the potatoe crop, by the usual quan- 
tity of manure. IJ think it not unlikely, however, that 
by planting the potatoe in the midst of nitrate or sul- 


| 

| Nitrate of 
‘Soda, 1to 1}4|Soda, 1 to 17g 
“cwt. pr acre.|cwlt. pr acre. 


Sulphate of 


Chieridevof | phate (sprinkled over with dry soil) at the rate of 4 ewt. 
Calcium, 500) Manure | per acre, and afterwards applying 1 cwt. per acre, when 
gals.pracre.| only. | the plants are hoed, a crop might be obtained without 


————— the use of manure. Of course, such an experiment as 


* The Rohan, a French variety of potatoe lately introduced into the United States—by the 
ordinary mode of culture—yields tubers, very many of whieh weigh 3 lbs. and many attain to 
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this, though important to be made, should be tried cautiously, and on such a 
scale as to secure the experimenter from any serious loss. 

In the above suggestions I have introduced nothing in regard to mized ma- 
nures—though where plants require for the supply of all their wants nine or 
ter, different ingredients, of which the soil they grow in can perhaps yield in 
sufficient quantity only three or four, it is obvious that the very best conse- 
quences may follow from the employment of mixed manures. ‘To this class 
belong common night-soil, urine, animalised carbon, poudrette (night-soil mixed 
with hme and gypsum), the poudre vegetatif (a mixture of soot and saltpetre), 
the wrate (now manufactured in London), and many others. 

The mode of preparing, and the special uses of these and other mixed ma- 
nures, will be explained in the third part of these lectures, which will be devoted 
to the consideration of the nature and uses, and to the theory of the action of 
natural and artificial fertilizers. In the mean time it is desirable, in the first 
place, to obtain results from which the special action of each, when used alone, 
ean be fairly deduced, 

That these experiments may have their full value, it is indispensable that a 
measured portion of each field should be left without manure or dressing of any 
kind, in order that a true idea may be formed of the exact effect of each sub- 
stance employed. Experiments are valuable to the practical man if they mere- 
ly show the superiority of one species of manure over another, but they are in- 
sufficient to show how much each of them tends to increase the produce—or to 
enable us to arrive ata satisfactory explanation of the mode in which they 
severally act in promoting vegetation. 

Among other important experiments lately published, to which the above ob- 
servation is applicable, may be mentioned those of Mr. 'T. Waite of Doncaster. 
The effects of nitrate of soda on his land were very striking, showing a remarkable 
increase of produce over bone dust, rape-dust, or rotten fold-yard manure—but 
he does not seem to have determined the produce cf the same land during the 
same season and without manure. We have, therefore, no term of comparison, 
by means of which we can ascertain the absolute or even the exact comparative 
effect of the different substances employed. 

It has been well observed by Sir Humphry Davy, “that nothing is more 
wanting in agriculture than experiments in which all the circwmsiances are mi- 
nutely and scientifically detailed, and that this art will advance in proportion as 
it becomes exact in its methods.”* The above suggestions are Seanad to 
practical men in the hope that they may assist in introducing such exact meth- 
ods into our agricultural operations, and at the same time promote the theoreti- 
cal advancement of the most important art of life. 

Exact methods lead to theoretical discoveries, while these are no less certain- 
ly followed by important practical improvements. 


RN ew 


No. I. 
(See Lecture IT., p. 37.) 
In illustration of the effect of sudden alternations of temperature on vegetable 


substances, explained in a note subjoined to page 37, I quote with pleasure the 


the weight of 5ibs, When perfectly ripe, it issaid to be an excellent table potatoe, and to be 
best in the spring.—Albany Cultivator, for March, 1841. 


* Agricultural Chemistry, Lecture I. 
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following instructive letter from an ably conducted monthly journal published 
at Albany, in the State of New-York, under the title of the Cultivator. It is 
extracted from the Number for March last :— 

“Tn regard to Irish potatoes, a still thinner covering of earth than the one 
just mentioned suffices with us to preserve them fromrotting. Indeed, it would 
seem as if they could freeze and thaw several times, during winter, without 
being destroyed, provided they are covered with earth all the time; for we often 
find them near the surface and perfectly sound, in the spring, when spading up 
the ground in which'the crop had grown during the previous season. ‘There 
they must have undergone freezing and thawing whenever the earth was in 
either state, as it often is to a much greater depth than the’ potatoe roots ever 
extend. Why should those roots always be destroyed when they freeze above 
ground, and not suffer equally when frozen under greund 7 

“The reason why potatoes, apples, &c. become soft, and rot when frozen 
and then thawed suddenly, uncovered and in open air, is the sudden thawing. 
You may put a heap of apples on the floor of a room, or other dry place, where 
they will freeze perfectly hard, and if covered close with any thing that will ex- 
clude the air, when the weather becomes warm enough to thaw, the apples will 
remain sound and uninjured, after they are thus closely thawed. The cover 
may be of the coarse tow of flax, er any article that will cover them close and 
exclude the air. So apples may be packed in a tight barrel, if fall and headed 
up so as to exclude the air. They may be suffered to remain so in a garret, or 
any dry place where it freezes hard, and they will be found sound and free from 
injury, if the barrel remains tight till they are thoroughly thawed. It is the sud- 
den thawing that causes the apples or other vegetables to become soft and rot. 

“So if the fingers on your hand be frozen, and you expose them to sudden 
heat by warming them at the fire and they suddenly thaw, the flesh will morti- 
fy and slough off. But, if you freeze your fingers or other Limbs, and put them 
in snow, and rub gently till they thaw,—or if put into a pail of water just drawn 
from the well, which will be less cold than your frozen fingers,—they will thaw 
slowly, and suffer but little injury. 

“So during the early autuninal frosts in September, if the morning after the 
frost is cloudy, the frost will be stowly drawn trom the frozen vegetables, and 
they will be uninjured ; but if they receive the rays of the early and clear sun, 
they thaw so suddenly, that they will hang their heads and perish. If wet with 
water from the well, long enough to extract the frost before the sun shines on 
them, they do not suffer. 

“Onions are a difficult root to keep in winter. If they are put ina cellar 
warm enough to save them from frost, they will vegetate and be deteriorated. I 
put them in the warehouse, where they freeze as hard as if out of doors. Ifin 
a heap, I cover them close with some old clothes, or any thing that covers close, 
to exclude the air. The same if in boxes orcasks. ‘They freeze hard, but it 
does not appear to injure them for present use, if thawed by putting them into 
a pail of fresh-drawn water, to draw out the frost just before cooking them. 
Onions, thus kept, will be in good condition in the spring, after thawing under 
cover from the air. 

“‘T put parsneps, carrots, beets, &c., in boxes or casks, and then cover them 
with potatoes, which preserves them from drying.” 

In further illustration of this subject I need only recall to the recollection of 
the gardener the well known fact, that, when the winter frosts begin to set in, 
and his finest flowers to be nipped, those continue to blow the longest, on which 
the sun’s rays fall latest in the day. Dahlias protected in this way, will bloom 
occasionally for weeks, after those which regard the eastern sky are completely 
withered. 

Professor Lindley has published a series of valuable observations on the effects 
of extreme cold upon plants: The general results of these observations are 
Stated in his ‘Theory of Horticulture,” p. 88. But the conclusions at which 
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he has arrived are deduced from the appearance presented by the plant after it 
was thawed. He found the tissue more or less lacerated, the contents of the air 
and sap vessels intermingled, and the colouring matter and other secretions de- 
composed. He attributes the laceration to the freezing and consequent expan- 
sion of the juices, but this cannot be the necessary consequence of that freezing, 
since it does not appear, if the whole tuber or leaf be slowly thawed. I would 
explain the phenomena as follows :— 

1°. When the leaf, fruit, or tuber freezes, the fluid portions slightly expand 
in becoming solid, but the air in the air vessels contracts in atleast an equal de- 
gree, and thus allows a lateral expansion of the sap vessels sufficient to prevent 
lesion. When the temperature is slightly raised, the air expands but slightly, 
and ice is melted long before the gaseous substances reach their original bulk. 

2°. But if the rays of the sun strike suddenly upon the leaf or fruit, the sur- 
face may at once be raised in temperature 30° or 40° F. The air will conse- 
quently expand suddenly, and before the sap is thawed may have distended and 
torn the vessels, and caused sap and air to be mutually intermingled. 

3°. But the moment tke sun’s rays strike upon the green leaf, its chemical 
functions commence. It begins to absorb and decompose carbonic acid: and 
as in the frozen part of the leaf the circulation is not, and in consequence of the 
lesion cannot be, established, the chemical action of the sun’s rays must be ex- 
ended upon the stagnant sap; and hence those changes not only in the sap 
walt but even in the solid parts, which are seen to take place in the withered 
eaf, 

4°. Though not in a state of growth, the tuber of the potatoe contains the 
living principle, and there must be such a circulation going on in its interior as 
to maintain an approximate equilibrium of temperature throughout its sub- 
stance. A sudden thawing of the exterior, will, as in the leaf, expand the air 
before the circulation can be established throughout the frozen mass. The solid, 
fluid, and aeriform substances which nature has separated and set apart from 
each other, will thus ail be intermingled, and from their mutual action, those 
chemical changes of which we know thestarch of the potatoe to be susceptible, 
will speedily ensue ;—in other words, the potatoe will rot. 


The practical applications of these views are numerous. If a sudden frost 
come on,—protect your delicate flowers in the early morning from the rays of 
the approaching sun, and cover with straw or earth the potatoes which have 
been left overnight in the field. 
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No. III. 


RESULTS OF EXPERIMENTS ON PRACTICAL AGRICULTURE DURING 
THE SPRING AND SUMMER OF 1841. 


(See Appendix, No. 1., and Lectures VIII. and LX.) 


In a previous article inserted in this Appendix, and which was published 
early in the present spring (April, 1841,) I ventured to offer to the practical ag- 
riculturist some suggestions in regard to the experimental use of certain un- 
mixed manures. From the results of these experiments, which I was quite sure 
some of the many zealous agriculturists of the day would be induced to under- 
take after the manner, and with the precautions, I had pointed out, I anticipated 
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a two-fold advantage. In the first place, that important practical benefits to 
the agriculture of certain districts would be derived from them, and secondly, 
that interesting and important light would be thrown by them on many parts 
of agricultural theory. It is by experiment that all the remarkable results— 
theoretical as well as practical—of modern chemistry have been arrived at; 
but by experiments cautiously made, frequently repeated, and logically reason- 
ed from. ‘The proceedings of the practical farmer are a continued course of ex- 

erimental trials, and to convert him into an experimental philosopher, and to 
fsa! him to philosophieal results, it is necessary only that his experiments 
should be made with a constant reference to weight and measure, and should be 
repeated under varied and carefully noted conditions—and that he should be 
taught to draw from them no conclusions more general than they really 
justify. 

The following results of experiments made during the past summer confirni. 
all my anticipations. Though necessarily somewhat limited, and local in their 
nature, they, nevertheless, present on the whole a beautiful illustration of what 
we have yet to expect from a continuation of such experimental researches, con- 
ducted in so skilftula manner. I need not especially commend the experiments 
of Mr. Fleming: for I can scarcely, | think, render a better service to practical 
agriculture than by placing all of them in the hands of practical men, and ear- 
nestly commending them to their careful consideration and imitation. 


I. Experiments made near Aske Hall, on the property of the Earl of Zet- 
land, on lots of half an acre each. 
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Mr. Turner, his lordship’s agent, thus writes :— 

“The plan { followed in putting on the different manures, and the quantities 
used, accorded as nearly as | could manage it, with the directions given in your 
published lectures. 

“The field on which the experiments were tried is situate in a high, bleak 
climate, and consists of a thin light soil, upon a bad subsoil of barren clay 
resting upon limestone. It had been completely exhausted by a succession of 
white crops, and was full of weeds and quickens. I had it well ploughed, and 
took a crop of drilled turnips fairly, but not extravagantly, manured. The cro 
was a poor one. I ploughed the land as soon as the turnips could be got off. 
Drained it; and in the spring worked it very fine. The following August I 
sowed it away with grass seeds withouta crop. The seeds came up beautiful- 
ly, and were the admiration of all who saw them, keeping a deep green through 
the winter, and beginning to grow early in the spring; and it was on this crop 
that the experiment was tried early in the succeeding summer. 

“T need scarcely remark, that the crop of grass for such land was enormous, 
and has fully repaid the money expended upon it, with the exception of drain- 
ing, and in two or three years I have no doubt but it will repay this also.” 


Remarks.—On comparing the effect of these several top-dressings as indi- 
cated by the results above stated, the reader will be struck with the extraordi- 
nary increase caused by the addition of common salt. I have in the text 
(Lecture IX., p. 190,) indicated a principle which may serve to explain in some 
measure both the localities in which the use of common salt may be expected 
to be beneficial, and the reason why in many parts of our island the employ- 
ment of this substance has not been attended by any large measure of success. 
The position of the land experimented upon by Mr. Turner, is such as to lead 
us ua roses it to be improved by common salt, according to the views there 
stated. 

The nitrate of soda produced less effect than either the common salt or the 
soot, but it gave an increase which was double of that yielded by the sulphate 
of soda. ‘The latter salt, however, was applied in the state of crystals, which 
contain 53 per cent. of water, so that less than one half of that weight of d 
salt was used, which was recommended in the suggestions | offered for the 
employment of this substance in practical agriculture. At the same time, the 

rice paid by Mr. Turner for this salt was four times as great as it ought to 
bows been. Any quantity of the cry sulphate of soda may be procured at 10s. 
acwt., at which price it is forwarded in casks to all parts of the country by 
Messrs. Allan & Co., Heworth Alkali Werks, Newcastle. 

The most valuable practical suggestion to be derived from these experiments 
is certainly this—that a liberal use of common salt is likely to increase in a great 
degree the produce of grass in the locality where they were made, and on the 
same kind of soil. This valuable discovery will far more than repay the ex- 
pense and troubie of the entire series of experiments. No application can be 
so cheap as this, so long asit succeeds. Atthe same time a mixture of the other 
substances—the nitrate and the sulphate, which were partially successful—might 
possibly prove still more efficacious on the grass, and might be expected even 
to ameliorate the condition of the land for the further production of white crops. 
In a future part of this Appendix I intend to offer some suggestions in regard to 
the kind and quantity of the ingredients which may, with probable advantage, 
enter into the constitution of these mixed manures. 

I have calculated and introduced into Mr. Turner’s table an additional col- 
umn, exhibiting the weight of hay yielded by 100 lbs. of grass, with the view 
of showing the relative succulence of the several crops when cut. Asa gen- 
eral rule, the weight of dry hay does not exceed one-fourth of the weight of the 
grass when cut. In the experiments of Mr. Tumer, however, the weight of 
hay in every case was much beyond this quantity—the most succulent crop, 
that to which no dressing was applied, yielding 36 per cent. of hay. This gen- - 
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eral result may have been partly due to the state of ripeness in which all the 
grasses were cut, while the greater produce of hay from the dressed portions 
may indicate the relative ripeness, and therefore dryness, of each when cut down. 

It is evident, therefore, that the relative values of crops of grass or clover are 
not to be judged of by the several weights when green, but by the weights of 
the dry hay. This is further confirmed by the results of an experiment with 
nitrate of soda, communicated to me by Mr. Carruthers, of Warmonbie, near 
Annan, in which the relative weights of bay obtained were much more in ae 
of the use of the nitrate than the several weights of grass yielded by the dressed 
and undressed portions of the field. On the contrary, from a field on Oliver 
Farm, near Richmond, Mr. Sivers informs me, that the weight of hay was much 
less in favour* of the use of the nitrate of soda than the relative weights of 
grass. In all cases, therefore, the weight of the dry crops obtained by different 
methods should be compared with each other, as the safest ‘est of the relative 
merits of the several modes of procedure by which they have respectively been 
raised. 


II. Experiments made at Erskine, on the property of Lord Blantyre. 

1 insert the clear and well-digested statement of his Lordship’s agent without 
alteration : — 

“ Freeland, Erskine, by Old Kilpatrick, Glasgow, 29th July, 1841. 

“ Sir—Agreeably to Lord Blantyre’s instructions I send you a copy of the re- 
sults of some experiments with manures on young grass for hay, undertaken 
on two separate pieces of land—the one a very good light soil (subsoil gravel) ; 
the other stiff clay soil with a clay subsoil. ‘The manures were applied on Ist 
May, the hay cut on the Ist and weighed on the 19th July current; the extent 
of each plot one-twentieth of an imperial acre. From the small extent of each plot 
it will be evident that the results cannot be exactly depended on, farther than as 
a general result ; because in so small a portion of land the least variation in the 
soil or crop naturally will affect the results very materially ; still, on the whole, 
{ am of opinion that the experiment gives the comparative view of the value of 
the different manures used pretty nearly. 

“One thing has astonished us with regard to soda (nitrate). On all the fields 
Ihave observed it sown on, the part dressed has a much greater vigour of after- 
math than where no nitrate of soda was given: showing that this manure is not 
SO evanescent as was generally supposed. 


“Tam, Sir, your most obedient servant, 
“ Jas, WILSON.” 
Experiments with Manures as a top-dressing for Hay, at Erskine, 1841. 

Remarks —It will be observed in these experiments, that the saltpetre and 
nitrate of soda produced mewrly an equal increase on both kinds of soil, the ni- 
trate of soda having the greater effect on the light, the nitrate of potash on the 
heavy soil. Next to these on the light soil are the common salt and sulphate of 
soda, though on the heavy soil the common salt had the better effect of the two. 
It is to be observed, however, that in this case the sulphate was used in crystals, 
and therefore only in half the quantity recommended. Had twice the quantity 
been employed upon the light soil the produce might have equalled that from the 
nitrates. 

It is a singular illustration, however, of the necessity of applying different 
substances to different soils—that so far as this experiment is to be depended 
upon, the sulphate of soda almost entirely failed on the heavy land. 

The most valuable practical deduction from these experiments also, is, that 
on both the soils in question, the grass land, in ils present condition, may be salted 
to advantage. At the same time, it appears probable that on the light soil the 
increased produce would amply repay the cost of applying either nitrate or sul- 


” In Mr. Sivers’ experiments, 100 square yards, nitrcted, gave 68 stones of hay, unnitrated 
62 stones, but when dry they were reduced to 12 stones each. How very much more suc- 
culent these grasses were than those of Mr. Turner! 


o 
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phate of soda at the rate of 120 lbs. per acre—the latter being in its dry or un- 
crystallized state. ' : im : 

The effect, generally, of all the dressings is strikingly greater on the light 
soil—a fact which speaks strongly in favour of the adoption of any of thoee 
methods by which the openness and friability of the land has been found to be 
permanentiy promoted. On the stiff soil, even the ammonia, by some deemed 
so vitally necessary to vegetation, appears to have produced no sensible alter- 
ation. 


- lee | 
| 6G | Manures used, and quantities applied, to z 4|32| Total produce | Total additional 
c each plot of 1-20th of an acre. C=isz per weight per 
| x 3 = £5) Imperial Acre. | Imperial Acre. 
Mljips ee ———___—_——_—.-|—- |_| —_—_—_—_——- 
Exp. Good light nemcnbis ut | be wave? Gv ieee ROR pa 
1! ib. sulphuric acid, diluted in = o71/ 44/2 8 116|~= 7 312 
galls. water : : : | 
2) 6 lbs. saltpetre (nitrate of potash) 322) 95) 217 2 0|-16 3% 
3 | 6 lbs. nitrate of soda . ’ : 339112} 3 0 2 4/)1 0 0 0 
4 | 6 lbs. sulphate of soda (in crystals) [292 65) 212 016)-11 2 12 
5| 17 lbs. gypsum . 3 : - 254) .27).205 112) =, 4 382 8 
6 | 1 bush. wood charcoal (pounded) 277, 50} 2. 9 124!/- 8 3 20 
7| + bush. common salt, 25 galls. water |294 67/212 2 0|-11 3 24 
8 | 1 gal.ammoniacal liquor, 47 gls.water/277, 50 2 9 1 24/- 8 3 20 
| 9 No application . cerare ahead sda Diana a ae 


| Exp. IL. Clay soil, subsoil clay. | 
| 


| 1} 1 1b. sulphuric acid, diluted in 472 Jo-¢ o¢l9 5 g2a4!- 4 216 
galls. water. : : | 

2) 6 lbs. saltpetre (nitrate of potash) 286 56211 0 8---10 0 0 

3| 6 lbs. nitrate of soda . : : {282, 52) 110 112/- 9 1 4 

-| 4| 6 lbs. sulphate of soda (in crystals) |232; 2} 2 1 120/- 0 1 12 
| 5! 171bs. gypsum . : ‘ : 1240, 1012 2 312/- 1 3 4, 

6 | 1 bush. wood charcoal (pounded) (257 27)2 5 316|- 4 3 8 

7) } bush. common salt, 25 galls. water (269, 391|2 8 0 4)- 6 3 24 

8 | 1 gal. ammoniacal liquor, 47 gls.water 201; —| 115 316)- - - - 

| 9|Noapplication. . . . 230;—|2 1 0 8|- = - = 


The Dressings were applied Ist May, the Grass cut Ist July, and the Hay 
weighed 19th July. 


IlI. Experiments made under the immediate superintendence of W. Fleming, 
Esq., of Barochan, near Paisley, and on his own property. The statement is 
drawn up by Mr. Fleming himself. 


1.—Experiments on Hay with Nitrate and Sulphate of Soda and with Gypswm, 


Description of Rate per | Weight per Weight | 
No. Field. Dressing. imp. Roo) Rood, green.|when stack’d 
1 | Covenlea. Nothing. —_ 3361 Ibs. | 1120 lbs, 
2 Do. Nitrate of Soda. | 40 Ibs. | 4907 ‘ 1636 ‘ 
3 Do. Sulphate of Seda.| 40 lbs. | 3966 ‘“ 1322 ‘* 
4 | Do. Gypsum. 10 lbs. | 3831 “ 1277 
1 [Crook’s High Nothing. a 4436 “ 1478 “ 
2 Do. Nitrate of Soda. | 40 lbs. | 4999 1666 “ 
1 |Crook’s Low. Nothing. — 2185 “ vie a 
2 Do. Nitrate of Soda. | 40 Ibs. | 3764 “ sy 
3 1036 ‘ 


| 


Do. Gypsum. _ | 80 Ibs. | 3110 “ 
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Character of the Soil—Nos. 1, 2, 3, and 4 were good sharp soil, on rotten 
rock, (decayed trap,)all as near as possible the same description of land, 
drained, and lying together. Nos. 1 and 2, Crook’s High, stiff clay, drained; 
the hay was after wheat. Nos. 1, 2/and 3, Crook’s Low, light ‘clay-loam, 
drained; the hay was dfier barley. 

On Covenlea the dressings were applied on the 22nd of April, and the hay cut 
on the 2nd of July ; on the other fields the nitrate and gypsum were applied on 
the 12th of April, and the hay cut on the 9th of July. 

N. B, The above is the average of trials in three parts of the Covenlea field; 
a small portion of moss was also sown with nitrate of soda, in the low part of 
the same field, but no benefit was observable, beyond the usual dark green 
colour which appeared about ten days after the application. The sulphate of 
soda, although evidently beneficial, does not produce the dark green colour. In 
the Crook’s fields the effect of nitrate of soda in producing the dark green colour 
was as remarkable as in the Covenlea field. The gypsum on both fields seems 
to have had a good effect, particularly on the afiermath clover. 


Remarks.—In these experiments also the sulphate of soda was used in only 
half the quantity recommended. By referring to the prices paid by Mr. Fleming, 
it will appear that the use of sulphate of soda gave an increase of 200 lbs. of 
hay for ts 9d. (or 500 lbs. for 4s. 5d.), while the nitrate of soda gave an increase 
of 516 lbs. for 7s. 10d.; so that, though the actual increase of hay per rood was 
considerably less by the use of the sulphate, yet that increase was obtained at 
little more than half the cost of the same weight of increase derived from the ni- 
trate. A similar remark applies to the gypsum, so that these experiments give 
ample encouragement for the application of both these substances in somewhat 
large quantity to succeeding crops, on the same land. 


2.—E.cperiments on Winter Rye, dressed with Nitrate of Soda, Lime with Potash, 
Sulphate of Soda, and Muriate of Ammonia (Sal Ammoniac.) 


Rate per | Weightof | Weight of er 
No. Field. Description of rood Grain. | Straw per 
Dressing. imperial. | per rood. | per rood. rood. | 
ee ee =a 
1 'Garden Plot. |Nothing. = 160 lbs. | 1024 lbs. | 33 
2 Do. Nitrate of Soda. | 40 lbs. 336 ‘¢ 1664 ‘ 64 
a Do. Lime and Potash. 40 “ | 272 1344 * 5t 
4 Do. Sulphate of Soda.} 40 “ | 924 « | 1152“ 44 
5 Do. Mur. of Ammonia} 5 ‘ QSDise 1216 “* 43 


Character of the Sotl—Tilly clay, which had been trenched, and in potatoes 
the year before. ‘The Rye was sown on their being lifted in October, 1840. 

The applications were made on the 14th of April, the grain was cut on the 
9th of August, and thrashed on the 25th. 

N. B. As early as the end of April the effects of the nitrate of soda were very 
apparent from the dark green colour produced, and broad leaves, and after it was 
ripe the heads were longer than any of the others ; but it was so strong that it 
was laid a month before it was cut; none of the others were laid. Every ap- 
plication seems to have done good, by increasing the produce. The potash and 
lime was made by slaking quick-lime and sand with a solution of potash, and 
allowing them to lie together fora month. As much was used as contained 1 
lb. of carbonate of potash to the pole. 

Remarxs.—From these experiments, it appears that, besides the proportionate 
increase of straw, that of grain was 


From nitrate of soda, 12 bushels for 31s. Od., or 2s. 9d. per bush.; 
“lime and potash, 7 (" Toy dos. Od. Onesrou. sa 
«sulphate of soda, 3 Stor, PisvCd. OF 2kuadr on 


**  gal-ammoniac, 5 for’ 10s.39d., oxj2s..200 
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Although, therefore, the total increase by the employment of sulphate of soda 
and muriate of ammonia, in the proportions actually put on, was not so great as 
by the use of the other two dressings, yet this increase was obtained at a con- 
siderably less cost per bushel. The lime and potash, though producing an im- 
portant effect, will probably not yield a remunerating return with this crop on 
this soul, while the results hold out a fair inducement for the trial of the last two 
dressings in larger and varied proportions. 

The five samples weighed respectively,—45 3-5, 51 3-4, 51 4-5, 523-5, and 
48 45 lbs. per bushel, so that, while on all the dressed plots the grain was 
heavier than on the undressed, that which was dressed with sulphate of soda 
was considerably the heaviest. 

3.—Eperiments on Wheat field, Crock’s (crop, 1841.) 
sf [Weight of [Weight |Weight of to-| 


Description Rate per [produce of of tal produce, 
No.| of Top-dressing. |Scotch acre.| Grainof | Grain lwhen cut, of 
Jgth acre. |pr. bshL)}¢th an acre. 
Ms Nitrate of Soda. |160 Ibs. 209 Ibs. |63 lbs.} 9,500 lbs. 
p Potash 160 Ibs. , -: 
and Lime. 40 bush. , a Belen A 8,930) 
3 | Common Salt. |160 fbs. 249 ** in 12:54 One 
4 ; Mur. Ammonia. | 20 lbs. 2067 eT GRE FB 360) 
5 | Nitrate of Soda | 80 Ibs. FE 
and Gypsum. Na bash. ig ge OAS 
6 | Nitrate of Soda 0 Ibs. i igo i 
and Rape-dust. Stunts Gao wna: bike 
7 | Mur. Ammonia | 20 Ibs. - i - 
and Lime n| Anat g coos. | OF flea 
8 Common Salt | 28 lbs. , leone 
and Lime. | 80 bush. = ii ai et 
9 Nothing. — 1907S G1 SSeS On0r 


Character of the Soil.—Vhe \and was a heavy loam, and of as nearly as pos- 
sible the same quality. It had been in potatoes, and the wheat was sown when 
they were lifted in October, 1840. 

The applications were all made on the 13th of April, and the crop was reaped 
on the 2d of September. . 

The produce of }th of a Scotch acre, thrashed and weighed and well cleaned, 
gave an average of from 32 to 33 bushels of 61 lbs. each per Scotch acre of grain, 


Remarks.—This table presents us with two remarkable results,—that ob- 
tained by the use of common salt, and that from a mixture of soda and rape- 
dust. Thus, exclusive of the straw,— 

Nitrate of soda alone gave 152 Ibs. of wheat for 31s., or 12s. 2d. per bushel; 
Nitrate with rape-dust gave 400 Ibs. of wheat for 43s. 6d., or 6s. 9d. per bushel ; 
Common salt gave 472 Ibs. of wheat for 3s. 6d., or 6d. per bushel. 

The increased produce, by the use of common salt, is by far the most valua- 
ble result to Mr. Fleming in an economical point of view, and plainly indicates 
the kind of application he can mast profitably make—to his wheat crops at least— 
on land similar to the above, and in the district where he resides. 

Neither the nitrate of soda nor the mixture of this salt with rape-dust, gave 
such an increase as to repay their own cost, unless when corn is very high. It 
is interesting, however, to observe that the mixture with rape-dust gave so large 
an inerease, though the value of this particular experimentis lessened by the ab- 
sence of any trial with rape-dust alone, by which the effect of each of the ingre- 
dients ought to be judged of. I have reckoned the rape-dust at £7a ton, so that 
5 ewt. would cost 28s., and we know that a top-dressing of this substance alone, 
in a somewhat larger quantity, gives a remunerating return in many of our wheat 


lands, 


20 EXPERIMENTS ON EARLY POTATOES. [ Appendix, 


Mr. Outhwaite, of Banesse, in the North Riding of Yorkshire, a skiiful and 
enterprising practical farmer, who has for some years been using rape-dust over 
a great breadth of his wheat crop, has favoured me with the result of one of his 
more accurate trials on spring wheat, made during the past season. The wheat 
was sown after turnips taken off in April, and part of the field was dressed with 
rape-dust at the rate of 53 ewt. (or at £7 a ton, of 40s.) per acre. The produce 
of the dusted portion was 39 bushels, and of the undusted 29 bushels per acre, 
and the increase of straw was one-fifth of the whole. Both samples were of 
equal weight, and sold at the same price,—&s. 3d. per bushel. In this experi- 
ment the increased 10 bushels cost 40s., or 4s. per bushel, giving, on a large 
‘breadth of land, a handsome remuneration. 

These results will, [ trust, encourage others to make trials similar to those of 
Mr. Fleming and Mr. Outhwaite; while these gentlemen will, doubtless, be in- 
duced each to try that application which has succeeded so well in the other’s 
hands. It might be useful as well as interesting to compare the produce of four 
plots arranged and dressed as follows :— 


Common Salt 


and Rape-dust. Nothing. 


Common Salt. | Rape- dust. 
Bu 


4.—Experiments on Early Potatoes, 1841. 


All were dunged in the usual manner with farm-yard manure, at the rate of 
about 30 cubic yards per acre. The potatoes were all planted on the 25th of 
March, on the same heavy black soil. The several dressings were applied on 
the 20th of May, and the potatoes were all lifted on the 28th of September. 


Rate Produce | Weight of 
perimp. | perimp. | Produce of 


| Description 


of 
5 Top-dressing. acre. acre. |I8 yards drill. is f 
Al eR es ee 2 es Ss a ——-| Note.---The 
1 Nothing. | ites 65 bolls.| 77 Ibs. — |peck is 35 Ibs. 
2} Nitrate of Soda. '160 lbs. | 80 ‘“ 93)“ weight, and16 


3/Sulphate of Soda. 200 ee "fos Coal PSG EE make a_ boll 
4|Do. & Nitr.of Soda2W [107 =| 124 * [or 5 ewt. 


This break of ground consists of a piece of poor clay mixed with moss, about 
9 inches deep; subsoil avery stiff blue till. The dung was old from the farm-yard, 
about the ordinary quantity (30 cubic yards per acre) spread unon the land, and 
dug in. The potatoes were drilled in with the hoe; as the ground was wet the 
plants came up but weak. The nitrate of soda was sown before the other top- 
dressings, and had remarkably quick effect, as it showed the third night after 
being sown. The sulphate of soda does not occasion the dark green colour 
which is seen upon the potatoes after the dressing of the nitrate, but there is not 
the smallest doubt of its beneficial effects, although not in so great a degree as 
the nitrate. The mixture, which is composed of 3ds of sulphate of soda and 3d 
of nitrate, has a wonderful effect in strengthening the growth (which it keeps 
longer than with nitrate alone), and the mixture has the same effect in producing 
the dark green colour as the nitrate alone. 


Remarks.—That a micture of substances is likely to be more efficacious asa 
dressing, than the application of one substance alone, except in peculiar circum- 
stances, is consistent not only with long practical experience—for how many 
substances are mixed together in farm-yard manure 2—but also with the theore- 
tical principles laid down in the text. [See Lectures 1X.and X.] These experi- 
ments upon potatoes show that this crop upon Mr. Fleming’s land was benefitted 
by both nitrate and sulphate of soda, but in a vastly greater degree by a mixture 
of the two. And I might consider my suggestion in regard to the employment 
of sulphate of soda as a manure, to have been of no mean use in practical agri- 
culture, had it led to nothing else than to this happy mixture of Mr. Fleming. 

T have received also from Mr, Fleming’s gardener (Mr. Alexander Gardiner) 
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a vey well digested and well drawn up paper, detailing numerous experiments 
made by himself during the past summer. Among these is one upon the use of 
this same mixture upon the potatoe crop, which I shall quote in his own words: 

“ April 26th._—Planted potatoes of the red Don variety, soil a mellow loam, 
two feet deep, subsoil yellow till. Farm-yard dung was trenched in some days 
before planting, at the rate of 40 cubic yards per acre; sets drilled in with the 
hoe. Plants came up very regular, and were top-dressed with a mixture of 3 
sulphate and } nitrate of soda on June 2nd, at the rate of 2 cwt. per acre. They 
grew very strong after this application. Stems six or seven feet in length, dark 
green, and the produce, when lifted in October, was 16 Renfrewshire pecks of 35 
lbs. each per Scotch fall of potatoes fit for market.” 

This produce is equal, | believe, to about 26 tons per Scotch, or 21 tons per 
imperial acre, about equal to that of Mr. Fleming with the same mixture, And 
what an amazing luxuriance of vegetation, to yield at once stems seven feet in 
length and upwards of 20 tons of tubers per acre! 

Those who are the most sceptical in regard to the benefits to be derived from 
agricultural experiments, when well conducted, will scarcely question the impor- 
tance of this result—the most backward in making experiments will be anxious 
to repeat this upon his own potatoes. ‘The cost of the mixture to be applied in 


the quantity used by Mr. F'leming is as follows :— 
s. d. 


: 75 \bs. dry at 10s. per ewt. or 
Suiphateiof Seda 150 lbs. in crystals at 5s. . palit 
Wittatevof Soda...  wbdbsaboes. 5. 3)... law 9 


21 6 

The return for this 21s. 6d. was in each of the above cases upwards of 8 tons 
of potatoes. 

I may here mention also two other interesting experiments of Mr. Gardiner, 
in which he tried the effect of sal-ammoniac upon his potatoe crop,— 

1°. In the one he mixed sal-ammoniac, previousty dissolved in water, in the 
proportion of I lb. to each cubic yard of a compost formed from the refuse of the 

arden, and planted early peas with it at the rate of 35 cubic yards per acre. 
The produce was one-sixth more than when no ammonia was used. ‘The va- 
riety of potatoe was Taylor’s forty-fold, the soil moss and clay. The cost of 
this applicatisa was 19s. per acre. 

2°. Sal-ammoniac, dissolved in water, was sprinkled on moss or peat earth, 
at the rate of 20 lbs. to a ton of earth, and, after strewing a little lime at the bot- 
tom of the drills, this mixture was put in at the rate of 2tons peracre. Thepo- 
tatoes were 14 days later in coming through the ground than the same variety 
planted with farm-yard manure. ‘They were strong in the stem, of adark green 
colour, and equal, in point of produce, to the others. The variety of potatoe 
was the Trish apple, the soila very light brown loam, of that description locally 
named deaf. 

I may observe on this latter experiment, that the application is not so simple 
asit appears. The lime would decompose the sal-ammoniac, and form chloride 
of calcium, while ammonia would be liberated. The effect, therefore, may be 
partially due to both. It will be recollected that in a previous part of this Ap- 
pendix I suggested the trial of this chloride of calcium as a top-dressing for va- 
rious crops. 


5.—Experiments on Moss Oats, sown about 1st May, 1841, top-dressed 25th June. 


“ These top-dressings we1e applied on the 5th of June, and by the 24th there 
was a striking improvement, especially on No. 2 and No. 7. It was quite visi- 
ble in greater strength and evenness of crop. One or two of the others also 
showed improvement, but not so visibly as to merit particular notice. I exam- 
ined them from time to time, and at different dates: the appearances much the 
same as noticed upon June 24th. I again examined them a few days before 


. 
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they were cut, when I was much satisfied with No. 2; the straw app 
as stiff and shining, and the ear as well filled, as if it had been grown u 
loam, and I consider the sume dressing, applicd to grain crops wpon moss, wil 
sure & good crop of weil-filled 02's. No. 7 was nearly as good, but the want 
bones being dissolved was a drawback. However, | consider the two merit 


the expense of another trial.” : 


No. Top-dressing per pole (imperial). 


1 | Nothing. 

2 |Bones dissolved in sulphuric acid and nitrate of soda # lb. 
3 [Sulphate of soda 4 lb., bone dust } peck. 

4 }Potash 1 lb., lime and bone dust } peck. 
5 
6 


Chloride of calcium 1 lb., bones } peck. 
Lime, potash, and chloride of calcium, } tb. each. 
_7 |Potash and lime, nitrate, and bones, } Ib. each. 


Ciaracter of the Soil.—Mboss 4 feet to clay. No. 2 the best crop and heaviest 

pian (not thrashed). Nos. 3,4, and 5 not so good as No. 2, but all much 

etter than Nos. 1 or 6. No.6 the worst—not better than No. 1. Wo. 7 very 
good—next to No. 2, 


Remarxs.—These experiments of Mr. Fleming on moss oats may be con- 
sidered as affording another illustration of the benefits which are yet to accrue 
to practical agriculture from the suggestions of natural science. It is well known 
to those who have directed their attention to the reclaiming of peat lands, that 
the crops of oats raised on such land yield abundance of straw, but that the ear 
is small and badly filled. It is also well known that claying such lands is an al- 
most unfailing remedy for this defect in the ear, as well as for the less important 
one which is also observed in the straw. My friend, Mr. Alexander, of South 
Bar, a neighbour of Mr. Fleming, and, like him, extensively engaged in the im- 
provement of peat lands, finding, as most other persons have, that in some lo- 
calities the claying of his land was very expensive,* conceived the idea that 
some chemical application might be made to this soil, which would supply 
what the defective oat plants required, and thus supersede the necessity of 
claying. He was pleased to communicate this opinion to me—stating the de- 
fect in the crop, and asking a chemical remedy. ooking chiefly to what was 
evidently required by the ear, [ suggested a trial of various mixtures, in all of 
which,—from an idea that phosphates, among other substances, might be ne- 
cessary to coviplele the ear,—bone-dust formed a necessary part. The result of 
these suggestions is seen in the above experiments of Mr. Fleming. They have 
been varied and improved upon, as Mr. Fleming’s united chemical knowledge 
and practical skill enabled him to do, and as jirst results on a new field of re- 
search, Nos. 2 and 7 may be considered as highly encouraging, if not, indeed, 
eminently successful. Too much confidence, however, inust not be placed on 
the effects observed in one or two instances; yet I hope those above stated are 
such as will induce others to repeat the experiments with equal care, in order 
that another year, affording us more numerous results, may enable us to base 
our conclusions upon a larger experience. 


6.—Experiments upon Oats top-dressed with Sulphate and Nitrate of Soda (lower 
end of Barn Park.) 

“Yhe first was sown on the 11th May, viz., 3 ridges with sulphate of soda, 

at the rate of 1} cwt. per acre. This was examined from time to time, but there 


* Mr. Garden, of Glenae House, near Dumfries, a gentleman to whom, though personally 
unknown, Tam indebted for many valuable communications, informs me that, in improving 
his porous peat lands, he has found it necessary to lay on a coating of clay six inches thick, 
alan expeuse of £15 an acre. A coating of two or three inches oa their peat, he says, sinks 
Gown, and in a few years descends beyond the reach of the plough, and hence it is more 
economical to lay on at once an entire soil of six inches. 


; *% * 
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to be little, if any, difference from the general crop (it has not yet been 
th -) Next, 3 ridges were sown with nitrate of soda, at the rate of 80 lbs. 
acre. ‘This made a little alteration both in colour and strength, but it was 
too little to make a very decided difference. Also, alongside of the last-men- 
tioned, a piece was dressed with a mixture of suiphate and nitrate of soda, in the 
proportion of 3rds of the former to drd of the latter. This immediately took the 
lead of the others both in colour and strength, so much so, that by May 27th it 
could be seen from a distance. Many examinations were made of them all 
during the season, and this always appeared the best. A few days before it was 
cut, it showed the largest and best filled ear. ‘There was a piece of yellow-col- 
oured earth at the bottom of the field, showing the presence of iron, upon which 
was sown potash and lime. The plant was yellow and sickly-looking, but im- 
mediately after the application it acquired a dark green colour, and became vi- 
gorous, and yielded a crop at least equal to any in the field. ‘There were some 
other dressings put on other ridges of this field, but it was dry weather directly 
after they were sown, and the crop was too far forward before they began to take 
effect to say any thing decided about them. By mistake there were two varie- 
ties of oats sown upon the field, which prevented the experiments being so de- 
cided, as the dressings were put on indiscriminately upon the land before it was 
known.” 

Remargs.—The only remark I need make upon these experiments is, to sug- 
gest to my readers that, by repeating the above trials upen oats with Mr. Flem- 
ing’s mixtures, they may not only benefit their own crops, but may also aid 
materially in the advancement of practical agricultural knowledge. 
7.—On the effect of Sulphate of Soda applied as a top-dressing lo Beans and Peas. 


“ The first dressing was applied the 4th of May, on some beans on a border 
in the garden; the drills that were dressed quickly took the lead of the others. 
There was no alteration of colour, but greater strength, and it /illered wonder- 
Fully. There were five or six stems from every seed sown, and the pods were 
larger and more numerous, and the beans in the pods a great deal larger than 
the same variety undressed. It was also put upon some of the ridges of the 
beans in the field, and with the same effect, and gave a very large crop (not yet 
thrashed.) 

“Upon peas in the garden it appeared to add little, if any thing, to the strength 
of straw, but those that were dressed had a far greater number of pods, and those 
better filled, and the peas of a better flavour, and 7 scens a valuatle dressing for 
ali leguminous crops. When sown in the drills along with the peas, it nearly 
killed every one of them, while the same quantity, put on as a top-dressing to 
some drills next to them (where the peas were two inches high,) did no injury. 


Remarks.—The testimony of Mr. Fleming to the value of sulphate of soda 
as a dressing for leguminous crops, is very valuable and satisfactory. We may 
hope that next year will furnish-us with experiments, @// the results of which 
shall have been so carefully ascertained, as to enable us to decide upon the eco- 
nomical value of this sulphate as a manure, by a comparison of the amount of 
increase in the crop, with the cost of the application. 


8.—On Nitrate of Soda as a top-dressing lo Gooseberry and Currant bushes. 

/ “Tt was applied April 14th, at about the rate of 4 ewt. per acre, or } 1b. per 
bush. It had the effect, in the course of a week, of producing on the bushes a 
dark green colour and broader leaves, and the fruit set betterand more plentiful- 
ly, especially on some red currants that had borne little for two years. These 
set their fruit well, and yielded double their former produce. he dressed bushes 


kept the lead in strength and vigour all the season, and now, when the undressed | | 


f 


bushes have lost their leaves, the others are quite green.” 


9.—‘ Many experiments were tried in the garden on turnips, by top-dressing 
with nitrate of soda, but with no perceptible effect. However, the Swedish, and 


{ 


; 


f 


} 
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red-top yellow, in a field of rather stiff soil, were benefitted, the former yielding 
} more produce in weight, and the latter } more weight. Wo. FLEMING. 
“ Barochan, 2th October, 1841.” 


Note.—The prices paid by Mr. Fleming were as follow :—Bone dust (fine) 1s. 9d. per bushel ; 
sulphate of ammonia (in crystals) 28s. per cwt. ; potash (very impure) 24s. per cwt. ; sulphate 
of soda (in crystals) 5s. per cwt. ; nitrate of soda 22s. ; and sal-ammoniac 60s. per cwt. 


eee eee 


No. IV. 


SUGGESTIONS FOR COMPARATIVE EXPERIMENTS WITH GUANO 
AND OTHER MANURES. 


Guano is the name given in South America to the dung of the sea fowl which 
hover in countless flocks along the shores of the Pacific, and which, from time 
immemorial, have deposited their droppings on the rocks and the islands which 
are met with along the coast o. Peru. 

Besides the fresh white guano which is deposited year by year jn these locali- 
ties, there exist, in some spots, large accumulations more or less buried beneath 
a covering of drifted sand, which have been thus buried and partially preserved 
from an unknown antiquity. ‘This ancient guano is of a brown colour, more or 
less dark, and forms layers or heaps of limited extent, but which are said some- 
times to exceed even 60 feet in thickness. 

In the time of the Incas this substance was known and highly valued as a ma- 
nure,—the country along the coast for a length of 200 leagues was entirely ma- 
nured by it,--the islands on which it was formed were carefully watched and 
yreserved,—and it was declared to be a capital offence to kill any of the sea fowl 

y which it was deposited. Ever since that time it has been more or less em- 
ployed for the same purpose, and much of the culture now practised on this 
thinly-peopled coast is entirely dependent for its success, if not for its existence, 
on the stores of manure which the sea fowl] thus place within reach of those parts 
of the country which are susceptible of cultivation. 

{In modern times, however, the access of foreign shipping, and the want of 
careful protection, have driven away many of the sea fowl, and lessened toa very 
great degree the production of the recent guano. ‘Thus the country is more de- 
pendent than in former times on the more ancient deposits, which are now assi- 
duously sought for, and when discovered beneath the sand, are carefully exca- 
vated and transported to the sea-ports for sale. 

The dung of birds of all kinds, when exposed to the air, gradually undergoes 
decomposition, gives off ammonia, and acquires a brown colour. As this am- 
monia is one of the most fertilizing substances it contains, it will be readily un- 
derstood that the old brown guano is much Jess valuable as a manure than that 
which is recent and white; hence the care of the ancient Peruvians in collect- 
ing the fresh, and their comparative neglect of the ancient guano. 

When the brown guano is put into water, a large quantity of it—sometimes 
70 per cent. of the whole—is dissolved. - Hence, it is, because the climate of 
Peru is so dry and arid that in the plains rain scarcely ever falls, that the guano 
can accumulate as it is found to do. North and south of this line of coast, 
where rains are less unfrequent, such accumulations are not met with, though 
the birds appear equally plentiful, and it may be safely stated that, had the cli- 
mate of Peru been like that of England, the rains would have washed the guano 
from the rocks almost as rapidly as it was deposited. 

Of the brown guano several cargoes have lately been brought to England by 
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an enterprising merchant in Liverpool, and it has been deservedly recommend- 
ed to the attention of British agrieulturists. It has already been tried upon va- 
rious crops, both of hay and corn, upon turnips also, and upon hops, and there 
can be no doubt whatever that in our climate, as well as in that of Peru, it is 
fitted to promote vegetation to u very remarkable degree. 

» This brown guano varies much in quality, according probably to the degree 
of exposure to the air to which it has been subjected, or to its position in the de- 
posit from which it has been dug. Two different portions, taken at random 
from the same box, gave me the following very different results :— 


1°.—Water, salts of ammonia, and organic matter, expelled 


by ared heat, . 2 ; ; ; : f 9 23;oyperict. 
Sulphate of soda, . : : : : 4 : 1:8, ore 
Common salt, with a little phosphate of soda, . ' 303 
Phosphate of lime, with a little phosphate of magnesia 
and carbonate of lime, ; : : : : 444 
100* 
2°—-Ammonia, . : A : : ‘ = 70 | 
Uric acid, : . : : : : = 10'S : 
Water, carbonic and oxalic acids, &c., expelled saciaall ana 
by a red heat, . : =a ilgs 


Common salt, with a little sulphate & phosphate of soda, 11-4 “ 
Phosphate of lime, &c. ; : : : «oe RG 


100 

According to M. Winterfeldt, this brown guano is sold at the ports near 
which it is obtained at about 3s.acwt. It might, therefore, if this be correct, 
pe imported into the country, and sold at less than 10s. per ewt. The price at 
present asked, however, is 25s. per ewt., acost at which it is doubtful if the 
English agriculturist can afford to use it. 

In any ease it seems improbable that the guano can continue to be imported 
into this country for any length of time. It is absolutely necessary to the cul- 
tivation of the land in Peru,—and it is also diminishing in quantity,—-the first 
settled government, therefore, which is formed in that country, must prohibit 
the further exportation of a substance so important to the national interests. It 
isa matter not unworthy of the attention of chemists, therefore, to consider 
whether a mixture similar to the guano, and of equal efficacy, cannot be form- 
ed by art—not only at a cost so reasonable as at once to make the British 
farmer independent of the importer,—but also in such abundance as at the same 
time to place so valuable a manure within the reach of all. 

The following mixture contains the several ingredients found in guano in 
nearly the average proportions ; and I believe it is likely to be at least as effica- 
cious as the natural guano, for all the crops to which the latter has hitherto been 
applied in this country :— 


ba Sel is 
315 lbs. [7 bushels] of bone dust at 2s. 9d. per bushel : 0/9, 19 aoe 
100 lbs. of sulphate of ammonia,t containing 35 lbs. of ammo- 
nia at 20s.acwh . : . ° ey ‘ 0 18 0 
5 lbs. of pearl-ash . : - : : . 01k @ 
100 lbs. of common salt - : F ° : cient) ih ame 
11 lbs. of dry sulphate of soda - : P O: oydan® 


531 lbs. of artificial guano cost F P 4 ee ee | 


* The first contained also 8 per cent. and the second 1} per cent. of sand, which has been 
left out of the true composition of the guano considered as free from sand. 


t Sulphate of ammonia is now manufactured largely at Glasgow, and may be had for less 
than 20s. a cwt. 
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The quantity here indicated may be intimately mixed with 100 bs. of chalk, 
and will be fully equal in efficacy, I believe, to 4 cwt. of guano, now selling 
at £5. 

At the same time it is desirable that the relative efficacy both of this mixture 
(artificial guano), and of the American guano, should be tried by actual experi- 
ment in comparison with other substances of known value, and which are 
supposed to act in a way somewhat similar. The substances with which I 
would suggest that such comparative experiments should, in the first place, be 
made, are farm-yard manure, bone dust, and rape dust, and the following 
scheme exhibits the proportions in which they may be added to the different 
plots of land on which the experiments are intended to be made :— 


a0tans of 20 bushels of | 6 cwt. of guano, Sue of 
re bones mixed with PRs 
farm-yard manure. wiihachee! chalk or gypsum. artificial guano. 
pee NE SS ee eats Penn eet Pee) et 
10 tons do. | 20 ewt. of 10 tons of farm- | 10 tonsof farm-yard 
with 10 bushels of maneeaitnacnes yard manure with | manure with 3 ewt. 
bone dust. B Sean 3 ewt. of guano. of artificial guano. 
10 tons do. 10 ewt. of F 10 tons do. with 2 
with 10 ewt. of rape with 3 cwt. Ride Ss bat cwt. of artificial 
rape dust. of guano. hy ¢ guano, 


The practical farmer need not be deterred by the formidable array of experi- 
ments above suggested. Ele may try any two or three of them, and his results 
will be valuable in proportion to the accuracy with which his land is measured 
and his manures and erops weighed. [have taken 20 tons of farm-yard manure 
as a standard, though in many highly farmed parts of the country no more than 
15 tons are usually applied. ‘Twenty bushels of bones are recommended by the 
Doncaster report, and I have lately found that in the Lothians 1 cwt. of rape 
dust is considered to replace 1 ton of farm-yard manure. This proportion of 
course will vary with the quality of the latter manure; but whatever quantity 
of this latter we take as the standard of comparison, it is easy to adjust the 
proportions of the other substances accordingly. I have not recommended any 
trial to be made with more than 6 ewt. of guano, because, where farm-yard 
manure is valued only at 6s. or 7s. per ton, 5 ewt. of the former would cost as 
much as 2i) tons of the latter.* 

The above experiments are intended to be made with the green crop, and to 
be continued during an entire rotation:+ any pair of them, however, may be 
“tried on single crops, whether of corn or of turnips and potatoes. In this way 
guano ought also to be tried against nitrate of soda and against bones, upon 
seeds and upon old grass-lands. The mode in which such experiments may 
be made will speedily suggest themselves to the intelligent farmer. Jn all 
cases the resulls should be accurately recorded, and, if possible, published. 


~ When this paragraph was written, the price of guano was 25s. a cwt.; it is now (May, 
1842) reduced to 15s. 


+ By this I mean that the effect of these several manures, applied once for all to the green 


crop at the commencement of the rotation, should be traced on each successive crop through 
the entire course of cropping, 
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No. V. 


OF THE EXAMINATION AND ANALYSIS OF SOILS. 


1°. Selection of specimens of soils—Ia the same field different varieties of soil 
often occur, and some recommend that in collecting a specimen for analysis, 
ortions should be taken from different paris of the field and mixed together, 
os which an average quality of soil would be obtained. But this is bad advice, 
when the soils in different parts of the field are really unlike. Suppose one 
part of a field to be clay, and another sandy, as is often the case in this county, 
and that an average mixture of them is submitted to analysis, the result you 
get will apply neither to the one part of the field nor to the other—that is, it 
will be of little or no value. In selecting a specimen of soil, therefore, one or 
two pounds should be taken from each of four or five parts of the field where 
the soil appears nearly alike, these should be well-mixed together and dried in 
the open air or before the fire. ‘Two separate pounds should then be taken 
from the whole for the purpose of analysis, or if it is to be sent to a distance 
should be tied up in clean strong paper, or what is much better, should be en- 
closed in clean well-corked bottles. 


I.—OF THE PHYSICAL PROPERTIES OF THE SOIL. 


2°. Delermination of the density of the soil—In order to determine the den- 
sity of the soil, a portion of it must be dried at the temperature of boiling 
water (212°), till it ceases to Jose weight, or upon a piece of white paper in an 
oven at a heat not great enough to render the paper brown. A common phial 
or other small bottle perfectly clean and dry may then be taken and filled up 
to a mark made with a file on the neck, with distilled or pure rain water, and 
then carefully weighed. Part of the water may then be poured out of the 
bottle, and 1009 grains of the dry soil introduced in its stead, the bottle must 
then be well shaken to allow the air to escape from the pores of the soil, filled 
up again with water to the mark on the neck, and again weighed. The weight 
of the soil, divided by the difference between the weight of the bottle with soil 
and water and th sum of the weights of the soil and the bottle of water to- 
gether, gives the specific gravity. 

Thus, let the bottle with water weigh 2000 grains, and with water and soil 
2600, then— 


Grains, 
The weight of the bottle with wateralone= . ..... . 2000 
i hetweichtiofithe dry soul. to. By Oe Pree We ee ar 1000 


Sum, being the weight which the bottle with the soil and water 
would have had could the soil have been introduced without 3000 
displacing any of the water SIP. APTS 20 NT nan 

But the weight of the bottle with soiland water was . . . . . 2600 


Difference, being the weight of water taken out to admit 1000 400 
grains of dry soil HS. aes slel) TAI oe 

Therefore, 1000 grains of soil have the same du/k as 400 grains of water, or 
the soil is 24 times heavier than water, since 1000+400 =2'5 its specific 
gravity. 

3°. Determination of the absolute weight—The absolute weight of a cubic 
foot of solid rock is obtained in pounds by multiplying its specific gravity by 
63;—the weight in pounds of a cubic foot of water. But soils are porous, and 
contain more or less air in their interstices according as their particles are more 
or less fine, or as they contain more or less sand or vegetable matter. Fine 
sands are heaviest, clays next in order, and peaty soils the lightest. The 
simplest mode of determining their absolute weight, therefore, is to weigh an 
exact imperial half pint of the soil in any state of dryness, when this weight 
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multiplied by 150, will give very nearly the weight of a cubic foot of the soil in 
that state. 

4°. Determinatian of the relative proportions of gravel, sand, and day.—Five 
hundred grains of the dry soil may be boiled in a flask half full of water till the 
particles are thoroughly separated from each other. Being allowed to stand 
for a couple of minutes, the water with the fine matter floating in it may be 
poured off into another vessel. This may be repeated several times till it ap- 
pears that nothing but sand or gravel remains. This sand and gravel is then 
to be washed completely out of the flask, dried, and weighed. Suppose the 
weight to be 300 grains, then 60 per cent.* of the soil is sand and gravel. The 
sand and gravel are now to be sifted through a gauze sieve more or less fine, 
when the gravel and coarse sand are separated, and may be weighed and their 
proportions estimated. 

‘hese separate portions of gravel and sand should now be moistened with 
water and examined carefully with the aid of a microscope, with the view of 
ascertaining if they are wholly silicious, or if they contain also fragments of 
different kinds of rock—sand-stones, slates, granites, traps, lime-stones, or iron- 
stones. A few drops of strong muriatic acid (spirit of salt) should also be 
added—when the presence of lime-stone is shown more distinctly by an effer- 
vescence, which can be readily perceived by the aid of the glass,—of per-oxide 
of iron by the brown colour which the acid speedily assumes,—and of black 
oxide of manganese by a distinct smell of chlorine which is easily recognised. 
In the subsequent description of the soil, these points should be carefully noted. 

Suppose the sand and gravel to contain half its weight of fine sand, then 
our soil would consist of coarse sand and small stones 30 per cent., fine sand 
30 per cent., clay and other lighter matters 40 per cent. 

5°. Absorbing power of the soil.—A thousand grains of the perfectly dry soil, 
crushed to powder, should be spread over a sheet of paper and exposed to the 
air for twelve or twenty-four hours, and then weighed. The increase of weight 
shows its power of absorbing moisture from the air. If it amountto 15 or 20 
grains, it is so far an indication of great agricultural capabilities. 

6°. Tis power of holding water —This same portion of soil may now be put 
into a funnel upon a doublet filter and cold water poured upon it, drop by drop, 
till the whole is wet and the water begins to trickle down the neck of the filter. 
It may now be covered with a piece of glass and allowed to stand for a few 
hours, occasionally adding a few drops of water, until there remains no doubt 
of the whole soil being perfectly soaked. The two filters and the soil are then 
to be removed from the funnel, the filters opened and spread for a few minutes 
upon a linen cloth to remove the drops of water which adhere to the paper. 

he wet soil and inner filter being now put into one scale, and the outer filter 
in the other, and the whole carefully balanced, the true weight of the wet soil 
is obtained. Suppose the original thousand grains now to weigh 1400, then 
the soil is capable of holding 40 per cent. of water.t 

7°. Rapidity with which the soil dries—The wet soil with its filter may now 
be spread out upon a plate and exposed to the air, in what may be considered 
ordinary cireumstances of temperature and moisture, for 4, 12, or 24 hours, and 
the loss of weight then ascertained. ‘This will indicate the comparative ra- 
pidity with which such a soil would dry, and the consequent urgent demand 
for draining, or the contrary. As great a proportion of the water is said to 
evaporate from a given weight of sand saturated with water, in 4 hours, as 
from an equal weight of pure clay in 11, and of peat in 17 hours—when placed 
in the same circumstances. : 

8°. Power of absorbing heat from the sun.—In the preceding experiment a por- 
tion of pure quartz sand or of pipe clay may be employed for the purpose of 


* As 509 : 300; : 100 to 60 per cent. 
+ That is, one filter within another. 
t 1000 : 400, the increase of weight as 100 ; 40. 
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obtaining a comparalive result as to the rapidity of drying. The same method 
may be adopted in regard to the power of the soil to become warm under the 
influence of the sun's rays. Two small wooden boxes, containing each a 
layer of one of the kinds of soil, two inches in depth, may be exposed to the 
same sunshine for the same length of time, and the heat they severally acquire 
determined by a thermometer, buried about a quarter of an inch beneath the 
surface. Soils are not found to differ so much in the actual temperature they 
are capable of attaining under such circumstances—most soils becoming 20° 
or 30° warmer than the surrounding air in the time of summer—as in the re- 
lative degree of rapidity with which they acquire this maximum temperature— 
and this, as stated in the text, appears to depend chiefly upon the darkness of 
their colour. The determination of this quality, therefore, except as a matter 
of curiosity, may, at the option of the experimenter, be dispensed with. 


Il.—OF THE ORGANIC MATTER PRESENT IN THE SOIL. 


9°. Determination of the per-centage of organic matter—The soil must be 
thoroughly dried in an oven or otherwise, at a temperature not higher than be- 
tween 250° to 300° IF. Humic and ulmic acids will bear this latter tempera- 
ture without change. An accurately weighed portion (100 to 2CO grains) must 
then be burned in the open air, till all the blackness disappears. ‘This is best 
done in a small platinuin capsule over an argand spirit or gas lamp. The loss 
indicates the total weight of organic matter present. It is scarcely ever pos- 
sible, however, to render soils absolutely dry without raising them to a tem- 
perature so high as to char the organic matter present, and hence its weight, as 
above determined, will always somewhat exceed the truth, the remaining water 
being driven off along with the organic matter when the soil is heated to red- 
ness. This excess, a so, will in general be greater in proportion to the quantity 
of clay in the soil, since this is the ingredient of most soils from which the 
water is expelled with the greatest difficulty. 

10°. Determination of the humic acid.—'Vhis acid, whether merely mixed with 
the soil, or combined with some of the lime and alumina itcontains, is extracted by 
boiling with a solution of the common soda of the shops. Into about two ounces 
by measure of a saturated solution of this salt, contained ina flask, 200 or 300 
grains of soil, previously reduced to coarse powder, are introduced, an equal 
bulk of water added, and the whole boiled or digested on the sand bath with 
occasional shaking for an hour. The flask is then removed from the fire, filled up 
with water, wellshaken, and the particles of soil afierwards allowed to subside. 
The clear liquid is then poured off. If it has a brown colour it has taken up 
some humic acid. Jn this case, the process must be repeated once or twice 
with fresh portions of the soda solution, till the whole of the soluble organic 
matter appears by the pale colour of the solution to be taken up. These coloured 
solutions are then to be mixed and filtered. The filtering generally occupies 
considerable time, the humic and ulmic acids clogging up the pores of the filter 
in a remarkable manner, and permitting the liquid to pass through sometimes 
with extreme slowness. 

When filtered, muriatic acid is to be slowly added to the coloured liquid—— 
which should be kept in motion by a glass rod--till effervescence ceases, and 
the whole has become dictinetly sour. On being set aside the humic acid falls 
in brown flocks. A filter is now to be dried and carefully weighed,* the liquid 
filtered through it, and the humic acid thus cellected. It must be washed in the 
filter with pure water—rendered slightly sour by muriatic acidt—till all the soda is 

* This is best effected by putting the filter into a covered porcelain crucible of known 
weight, and heating it for ten minutes over a lamp or otherwise, at a temperature which 
just does not discolour the paper, allowing then the crucible to cool under cover, and when 
cold weighing it. The increase above the known weight of the crucible is that of the filter, 


which, besides being recorded in the experiment book, should also be marked in several 
places on the edze of the filter with a black lead pencil. 


t This is to prevent in some measure the humic acid from passing through the filter, 
which it is very apt to do, when the saline matter is nearly washed out of it. . 
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separated from it,* when it is to be dried at 250° F., till it ceases to lose weight. 
The final weight, minus that of the filter, gives the quantity of humic acid con- 
tained in the portion of soil submittedto examination. As it is rarely possible to 
wash the humic acid perfectly upon the filter, rigorous accuracy requires that the 
filter and acid should be burned after being weighed, and the weight of ash left, 
minus the known weight of ash left by the filter,f deducted from that of the 
acid as previously determined. IJtis to be observed here that by this, which 
is really the only available method we possess of estimating the humic acid, a 
ecrtain amount of loss arises from its not being wholly insoluble, the acid 
liquid which passes through the filter being always more or less of a brown 
colour.t 

11°. Determination of the insoluble hwmus.—Many soils after this treatment 
with carbonate of soda are still more or less of a brown colour, evidently due 
to the presence of other organic matter. ‘lo separate this, Sprengel recom- 
mends to boil the soil, which has beea treated with carbonate of soda, and 
which we suppose still to remain in the flask, with a solution of caustic potash, 
repeated, if necessary, as in the case of the soda solution. By this boiling, 
the vegetable matter, which was insoluble in the carbonate of soda, is changed 
in constitution and dissolves in the caustie potash, giving a brown solution, 
from which it may be separated in brown flocks by the addition of muriatic 
acid, and then collected and weighed as above described. 

In some soils, also, distinct portions of vegetable fibre, such as portions of 
roots, &c., are present, and may be separated, mechanically dried, and weighed. 

12°. Of other organic substances present in the soil—The sum of the weights 
of the above substances deducted from the whole weight of organic matter, as 
determined by burning, gives that of ofier organic substances present in the 
soil. The quantity of these is in general comparatively small, and, unless they 
are soluble in water, there is no easy method of separating them, and determin- 
ing their weight. The following two methods, however, may be resorted to :— 

1°. Half a pound or more of the moist soil may be boiled with two separate 
pints of distilled water, the liquid filtered and evaporated to asmall bulk. From 
clay soils, when thus boiled with water, the fine particles do not readily subside. 
Sometimes, after standing for several days, the water is still muddy, and passes 
muddy through the filter, but, after being evaporated, as above recommended, to 
asmall bulk, most of the fine clayey matter remains on the paper when it is 
again filtered. As soon as it has thus passed through clear, the liquid may be 
evaporated to perfect dryness at 250° E., and weighed. Being now treated 
with water—a portion will be dissolved—this must be poured off, and the inso- 
luble remainder again perfectly dried and weighed. If this remainder be now 
heated to redness in the air, any organic matter it contains will be burned off, 
and its weight ascertained by the loss on again weighing. ‘This loss may be 
considered as' humic acid rendered insoluble by drying.§ ft does not require to 
be added to the weight of humic acid already determined (10°), because in 
that experiment a portion of soil was employed which had not been boiled in 
water, and from which therefore the carbonate of soda would at once extract 
all the humic acid. The present experiment need only be made when it js de- 


* This is ascertained by collecting a few drops of what is passing through upon a piece of 
clean glass or platinum, and drying them over the lamp, when, ifa perceptible stain or spot is 
left, the substance is not sufficiently washed. 


t The ash left by the paper employed for filters should always be known. Thisis ascer- 
tained, once for all, by drying a quantity of it in the way described in the previous note, 
weighing it in this dry state, burning it, and again weighing the ash that is left. Inu good 
filtering paper, the ash ought not to exceed one per cent. 

t The portion which thus remains in the solution may be precipitated by adding a small 
uantity of a solution of alum, and afterwards pouring in ammonia in excess. The alumina 
alls coloured by the organic matter, and after being collected on a filter, washed, and dried, 

the weight of organic matterin the precipitate may be determined approximately as des- 
cribed under 12° (2°). 


§ See Lecture xiii., § 1. 


‘ 
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sirable to ascertain how much humic acid a soil contains in a state in which it 
is soluble in water. Where ammonia, potash, or soda is present in the soil, 
some chemists consider this quantity to be very considerable, and to exercise 
an important influence upon vegetation. 

That which was taken up by water from the dried residuum is again to be 
evaporated to dryness, dried at 150°, weighed, and burned at a low red heat. 
The loss is organic matter, and may have been crenic or apocrenic, or some 
other of the organic acids formed in soils, the compounds of which, with lime, 
alumina, and prot-oxide of iron, are solubleiu water. If any little sparkling or 
burning like match-paper be observed during this heating to redness, it may be 
considered as an indication of the presence of nitric acid—in the form of ni- 
trate of potash, soda, or lime. In this case the loss by burning will slightly ex- 
ceed the true amount of organic matter present, owing to the decomposition and 
escape of the nitric acidalso. The mode of estimating the quantity of this acid, 
when it is present in any sensible proportion, will be hereafter described. 

2°. The caustic potash employed to dissolve the insoluble humus (11°) takes 
up also any alumma which may have been in combination with the humic 
acid or may still remain united to the mudesous* or other organic acids. When 
the solution is filtered and the humic acid separated by the addition of muriatic 
acid till the liquid has a distinetly sour taste, this alumina, and the acids with 
which it isin combination, still remain in solution. After the brown flocks of 
humic acid, however, are collected on the filter, the alumina may be thrown down 
from the filtered solution by adding caustic ammonia to the sour liquid, until 
it has a distinctly ammoniacal smell. The light precipitate which falls must 
be collected on a filter and washed with hot water tillthe potash is as completely 
separated as possible. It is then to be dried at 300° F'., weighed and heated 
for some time in a close crucible over the lamp, at a temperature which legins 
to discolour it, and again weighed. Being now burned in the air ull it is quite 
white, and weighed, the last loss may be considered as mudesous or some simi- 
lar acid. 

The reason why this second method of drying over the lamp is here re- 
commended, is, that alumina and nearly all its compounds part with their 
water with great difficulty, and even with the precautions above indicated, it is 
notunlikely that a larger per-centage of organic matter may thus be indicated, 
than in reality exists inthe soil. ‘The check which the accurate experimenter has 
upon all these determinations is this, that the sum of the several weights of the 
humic acid, the insoluble humus, the vegetable fibre, and of the crenic and mu- 
desous acids, if present, should be somewhat less than that of the whole com- 
bustible organic matter, as determined by burning the dry soil in the open air 
(9°). ‘This quantity we have szen to be in most cases greater than the truth, 
because any remaining water or any nitric acid the soil may contain, are at the 
same time driven off. 

I may further remark upon this subject that the quantity of alumina thus 
dissolved by the caustic potash is in most soils very small, and the quantity of 
orzanic matter by which it is accompanied in many cases so minute, that the 
determination of it may be considered as a matter of curiosity, rather than one 
of practical importance. 


Ill.—OF THE SOLUBLE SALINE MATTER IN THE SOIL, 


13°. With a view to determine the nature of the soluble saline matter in the 
soil, a preliminary experiment must be made. An unweighed portion must be 
introduced into five or six ounces of boiling distilled water in a flask, and kept 
at a boiling temperature, with occasional shaking for a quarter of an hour. It 
may then be allowed to subside, after which the liquid is to be filtered till it 
passes through clear. It is then to be tested in the following manner. Small 

* Except where gypsum is present in the insoluble portion, which is not unfrequently the 


case, when the loss will be partly water—since gypsum, after being dried at 250°, loses still 
about 20:8 per cent. of water when heated to reduess. 
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separate portions are to be put into so many clean wine glasses, and the effect 
produced upon these by different chemical substances carefully noted. 

If with a few drops of— 

a. Nitrate of Baryta, it gives a white powdery precipitate, which does not 
disappear on the addition of nitric or muriatic acid, the solution contains sulphu- 
vic acid. \f the precipitate does appear, it contains carbonic acid, In this lat- 
ter case, the liquid will also effervesce on the addition of either of the acids 
above mentioned. 

6. {f with ovalate of ammonia, it gives, either immediately or after a time, a 
white cloud, it contains lime,* and the greater the milkiness, the larger the 
quantity of lime may be presumed to be. 

c. If with nitrate of silver, it gives a white curdy precipitate, insoluble in pure 
nitric acid, and speedily becoming purple in the sun, it may be presumed to 
contain chlorine. 

d. \f with caustic ammonia, it gives a pure white gelatinous precipitate, it 
contains either alwmina, or magnesia, or both. In this case, muriatic acid must 
be added till the precipitate disappears, and the solution is distinctly acid. If 
on the addition of ammonia in excess, the precipitate reappears undiminished 
in quantity, it contains a/umina only. ‘f it be distinctly /ess in quantity, we 
may infer the presence of both magnesia and alumina; and if no precipitate now 
appears, that it contains magnesia only. Ifa large quantity of magnesia be present, 
it may be necessary to re-dissolve and acidify the solution a second time be- 
fore, on the ve-addition of ammonia, the precipitate would entirely disappear. 

If the precipitate, by ammonia, have more or less of a brown colour, the pre- 
sence of zon, and perhaps mangaunes2, may be inferred. If, on the second 
addition of ammonia, the colour of the precipitate has disappeared, it has been 
due to the manganese only—if it still continue brown, itis owing chiefly or 
altogether to the presence of oxide of iron. If the colour of the precipitate, by 
ammonia, be very dark, it consists almost entirely of oxide of iron, and may 
contain little or no alumima,—when it is only more or less brown, the presence 
of both alumina and oxide of iron may with certainty be inferred. 

e. If, after the first addition of ammonia, the solution be filtered to separate 
the alumina, the oxides of iron and manganese, and the magnesia that may be 
thrown down—if oxalate of ammonia be then added till all the lime falls, and 
the liquid be again filtered, evaporated to dryness, and then heated to incipient 
redness in the air, till the excess of oxalate of ammonia is destroyed and driven 
off—and if a soluble residue then remain,t it is probable that po/ash or soda, or 
both, are present. Tf, on dissolving this residue in a little water, the addition of 
a few drops of a solution of tartaric acid to it produce a deposite of small 
colourless crystals (of cream of tartar), or if a drop of a solution of bi-chlo- 
ride of platinum produce in a short time a yellow powdery precipitate, it con- 
tains potash. Ifno precipitate is produced by either of these—re-agents as they 
are cailed—the presence of soda may be inferred. If the yellow precipitate, 
containing potash and platinum, be separated by the filter, and the solution, after 
being treated with sulphuretted hydrogen and filtered to separate the excess of 
bi-chloride of platinum, be evaporated to dryness—if, then, a soluble saline 
residue still remain, the solution contains seda as well as potash. 

It is to be observed that some magnesia, if present, may accompany the pot- 
ash and soda through these several processes. After the separation of the potash, 
a little caustic ammonia will detect the presence of magnesia, but it will rarely 
be found so far to interfere with this preliminary examination as to prevent the 
experimenter from arriving at correct results (see p. 30, f). 


* The learned reader wi!! understand why, for the sake of simplicity, I take no notice of 
substances not likely to be present in the soil—as, for example, baryta, which would here be 
thrown down along with the lime, or ofoxalic acid, which, equally with the sulphuric or car- 
bonic (a), would give a white precipilate with nitrate of baryta. 


t Not precipitated from its solution by ammonia, for if precipitated it is partly at least 
chloride of magnesium. 
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f. If the addition of bi-chloride of platinum to the solution directly filtered 
from the soil give a yellow precipitate, it contains either potash or ammonia. 
If, when collected on the filter, dried, and heated to bright redness in the air, 
white fumes are given off by this yellow precipitate, and only a spongy mass 
of metallic platinum remains behind, the solution contains ammonia only. If, 
with the platinum, be mixed a portion of a soluble substance having a taste 
like that of common salt, and giving again a yellow precipitate with bi-chloride 
of platinum, it contains po‘as/—and if the spongy platinum contained in the 
burned mass, after prolonged heating, amount to more than 57 per cent. of 
its weight, or if it be to the soluble matter in a higher proportion than that of 
4 to 3, the solution contains both po/ash and ammonia. 

The presence of ammonia in the saline substance, or in the concentrated solu- 
tion, is more readily detected by adding a few drops of a solution of causiic 
potash, when the smell of ammonia becomes perceptible, or if in too small 
quantity to be detected by the smell, it will, if present, restore the blue colour 
to reddened litmus paper. This experiment is best made in a small tube. 

g. If, when the solution, obtained directly from the soil, is evaporated to dry- 
ness, and the residue heated to redness in the air, a deflagration or buming like 
maich-paper be observed, nitric acid is present. Or, if the dry mass, when put 
into atest tube with a little muriatic acid, evolves distinct red fumes on being 
heated, or enables the muriatic acid to dissolve gold-dust, and form a yellow 
solution; or, if to a colourless solution of green vitriol (sulphate of iron), 
introduced into the tube along with the muriatic acid, it imparts more or less of a 
brown colour—in any of these cases the presence of nitric acid may with cer- 
tainty be inferred. It will be only on rare occasions, however, that salts, so _ 
soluble as the nitrates, will be found in sensible quantity in the small portion 
of a soil likely to be employed in these preliminary experiments. 

h. If ammonia throw down nothing (see under @) from the solution, and if 
no precipitate appear when chloride of calcium or magnesium is afterwards 
added, the solution contains no phosphoric acid. But if ammonia cause a pre- 
cipitate, and after this is separated by the filter, nothing further falls on adding 
either of the above chlorides, the phosphoric acid, if any is present, will be con- 
tained in the precipitate which is upon the filter. Let this, after being well 
washed with distilled water, be dissolved off with a little pure nitric acid 
diluted with water, and then neutralized as exactly as possible with ammonia. 
If a solution of acetate (sugar) of lead now throw down a white precipitate, phos- 
phoric acid is present. The phosphate of lead—the white precipitate which 
falls—melts readily before the blow-pipe, and, on cooling, crystallizes into a bead 
with beautiful crystalline facets. 

Oz—if the precipitate thrown down by ammonia be wholly or in part insolu- 
ble in pure acetic acid (vinegar), that which is undissolved contains phosphoric 
acid. If acetic acid dissolve the whole, it may be inferred that no phosphoric 
acid is present in the soil. 

But if no precipitate be thrown down by ammonia, instead of the chloride of 
calcium above recommended, a few drops of a dilute solution of alum may be 
mixed with the solution, after adding the ammonia, and the whole well shaken. 
If the white precipitate, which now falls, dissolve wholly in acetic acid, no phos- 
phorie acid is present, and vice versa. 

These preliminary trials being made, notes should be kept of all the appear- 
ances presented, as the method to be adopted for separating and determining 
the weight of each substance will depend upon the number and nature of those 
which are actually found to be present. 


14°. Determination of the quantities of the several constituents of the soluble 
saline matter.—The quantity of soluble saline matter extracted from a mode- 
rate quantity of any of our soils is rarely so great as to admit of a rigorous 
analysis, and the preceding determination of the kind of substances it contains 
will be in most cases sufficient. Cases may occur, however, in which much 
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saline matter may be obtained ;* it will be proper, therefore, briefly to state 
the methods by which the respective quantities of each constituent may be ac- 
curately determined. 

a. Esitmation of the Sulphuric Acid —The solution being gently warmed, a 
few drops of nitric acid are to be added until the solution is slightly acid, and 
any carbonic acid that may be present is expelled, after which nitrate of baryta 
is to be added to the solution as long as any thing falls. ‘The white precipi- 
tate (sulphate of baryta) is then to be collected on a weighed filter, well washed 
with distilled water, dried over boiling water as long as it loses weight, and 
then weighed. ‘Che weight of the filter being deducted,t every 100 grains of 
the dry powder are equal to 34:37 grains of sulphuric acid. 

b. Estimation of the Chlorine —'Vhe soletion of nitrate of silver must be add- 
ed as long as any precipitate falls, the precipitate then washed, dried at 212° B., 
and weighed as before. Every 100 grs. of chloride of silver indicate 24-67 grs. 
of chlorine, or 40°88 ers. of common salt. 

c. Estimation of the Lime.—A littie diluted muriatic acid being added to throw 
down the excess of silver, and a little sulphuric acid to separate the excess of 
baryta, added in the former operations, and the precipitates separated by fil- 
tration—caustic ammonia Is to be poured in, till the solution ts distinctly alcaline. 


* Thisis the case with the rich soils of India aod Egypt, and of other warm climates. 
This will appear froma the following analyses of some Indian soils, made on the spot by Mr. 
Fleming, of Barochan, during the hours of leisure left him by his more important duties :— 
Analysis af soilsin North and South Behar, Bengal Presidency—(200 grains of 

each being analysed.) 


destructible 


| Carb. of Magnesia. 
| Oxide of Iron. 


Soluble Matter (Chilo 


REMARKS. 


by heat. 
rides, Sulphates, Ni- 


trates.) 
Loss of Weight. 


Matier 
| Alumina or Clay, 


| Water of absorption. 
| Carbonate of Lime. 


| Silicious Sand. 


| 


1°. Near Gya, South Behar.—Ofa dark colour, soapy 
to the touch when moist, bard and cracks when dry ; 
yields a crop of rice and one of wheat every year. Ne- 
ver lies fallow, but is covered with water during part of 
the rainy season, and is productive—from 80 to 50 
|bushels of wheat per acre. 

2°. Soil from the same district.—Also soapy when 
moist and cracks when dry—rather more productive} 
than No. 1. 

3°. From the same district—Heavy red clay soil, 
jproducing wheat, pease, cotton, or poppy in the dry 
season, and Indian corn and millet in the wet season ; 
not inundated in the rains, and sometimes manured 
with ashes of wood and cow dung. 

4°. Soil from North Behar, Tirhoot.—A deep loam, 
yielding two crops yearly; not inundated, producing 
wheat, barley, Indian corn, indigo, poppy, &c. From 
25 to 85 bushels of wheat per acre; is not usually 
manured. 

5°. Tirhoot.—Soil light coloured; producing nearly 
the same crops, but not so productive as No. 4. Saline 
efflorescence in patches. 
| 6°. Tirhoot.—Not so productive as No. 5, and some 
12] 3 | 4/-| 1] 6 152) 14 | 92 |Patches nearly sterile from the saline efflorescence, 

except in the rainy season, when it produces good 

[ ‘crops of Indian corn. Soil light coloured. 
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T have already alluded (Lecture VIL, p. 159) to the influence which this large proportion 
of saline matter exercises upon the lnxuriance of the vegetation. 
+ Or the whole may be heated to redness in the air, and the filter burned away. In this 


case the weight of ash left by the paper must be ascertained by previous trials, and the due 
proportion deducted from the weight of the sulphate. 
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If no precipitate fall, oxalate of ammonia is to be added as long as any white 
powder appears to be produced, ‘he solution must then be left to stand over 
night—that the whole of the lime may separate,—the white powder afterwards 
coilected on a filter, washed, dried, and burned withthe filter, at a low red heat. 
The grey powder obtained is carbonate of lime, every 100 grs. of which con- 
tain 43°71 grs. of lime. 

d. Estimation of the Oxide of Iron and of the Alumina.—But if a precipitate 
fall on the addition of ammonia, as above prescribed—the solution may con- 
tain magnesia, alumina, and the oxides of iron, and manganese. In this case 
the precipitate is to be re-dissolved by the addition of muriatic acid till it is dis- 
tinetly acid, and ammonia again addedinslightexcess. If any precipitate now 
fall, it will consist only of alumina and oxide of iron, unless magnesia and 
oxide of manganese be present in large proportion, when a minute quantity of 
each may fall at the same time. 2 

‘The precipitate is to be collected on th> filter as quickly as possible,—the fun- 
nel being at the same time covered with a plate of glass to prevent as much as 
possible the access of the alr,—washed with distilled water, and then re-dissolved 
in muriatic acid. ‘This is best effected by spreading out the filter in a small 
porcelain dish, adding dilute acid till all is dissolved, and then washing the pa- 
per well with distilled water. A few drops of nitric acid are then to be added, 
end the solution heated, to peroxidize the iron. A solution of caustic potash 
added in excess will at first throw down both the oxide of iron and alumina, but 
will afterwards re-dissolve the alumina, and leave only the oxide of iron. This 
is to be collected on a filter, washed, dried, heated to redness, and weighed. 
Every 100 grains of this peroxide of iron are equal to 89°78 grains of protoxide, 
in which state it had most probably existed in the original solution. 

To the potash solution muriatie acid is added till the alkali is saturated, or till 
the solution reddens litmus paper,* when the addition of ammonia precipitates 
the alumina. As it is difficult to wash this precipitate perfectly free from potash, it 
is better to dissolve it again in muriatic acid, and to re-precipitate it by caustic 
ammonia. When well washed, dried, and weighed, this precipitate gives the true 
quantity of alumina present in the portion of salt submitted to analysis. 

e. Estimation of the Manganese.—To the ammoniacal solutions from which 
the oxalate of lime has been precipitated (7), a solution of hydro-sulphuret of 
ammonia is to be added. The manganese will fall in the form ofa flesh red 
sulphuret. When this precipitate has fully subsided, it must be collected on the 
filter ond washed with water containing a very little hydro-sulphuret of ammo- 
nia. The filter is then put into a glass or porcelain basin, the precipitate dis- 
solved off by dilute muniatiec acid, and the solution filtered, if necessary. A so- 
lution of carbonate of potash then throws down carbonate of manganese, which 
is collected, dried, and heated to redness in the air. Of the brown powder ob- 
tained 100 grains indicate the presence of 93°84 grains of protoxide of manganese 
in the salt or solution under examination. 

f. Estimation of the Magnesia.—lf no potash or soda be present in the residual 
solution, the determination of the magnesia is easy. A few drops of muriatic 
acid are added, and the whole gently heated, and afterwards filtered, to separate 
the sulphur of the excess of hydro-sulphuret of ammonia previously added. The 
solution is then evaporated to dryness, and the dry mass heated to redness to 
drive off all the ammoniacal salts previously added. A few drops of diluted sul- 

huric acid are added to what remains, to change the whole of the magnesia 
into sulphate, the mass again heated to redness and weighed. One hundred 
grains of this sulphate indicate the presence of 34-G1 grs. of pure magnesia, 

But if potash or soda be present—the weight of which it is desirable to deter- 
mine—the simplest method is to take a fresh portion, 15 to 20 grains, of the 


* Litmus paper is paper stained by dipping it into a solution of litmus, a vegetable blue co 
lour, prepared and sold forthe purpose of detecting the presence of free acids, by which it 
is reddened. 
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saline matter under examination. If any sulphuric acid be present in it add n'- 
trate of baryta drop by drop to the solution till the whole of the acid is exactly 
thrown down—if possible, no excess of baryta being left in the solution—then 
precipitate the alumina and oxides of iron and manganese, and the lime, if any 
of these be present, and, finally evaporate to dryness, and heat to redness as be- 
fore. The dry mass is now to be dissolved in water, adding, if necessary to 
complete the solution, a few drops of muriatic acid. A quantity of red oxide of 
mercury is then to be added to the concentrated solution, and the whole boiled 
down to dryness. Water now dissolves out the potash and soda only, and 
leaves the magnesia mixed with oxide of mercury. This is to be collected on 
a filter, washed—not with too much water—and heated to redness, when the 
magnesia remains pure, and may be weighed. ; 2 

g. Es imation of the Potist and Soda.—The solution containing the potash 
and soda, is to be evaporated to dryness, and heated to redness to drive off any 
mercury it may contain. ‘The weight of the mass which consists of a mixture 
of chloride of potassium with chloride of sodium (common salt) is accurately 
determined, it is then dissolved in a small quantity of water, and a solution of 
bi-chloride ef platinum added to it in sufficient quantity. Being evaporated by 
avery g ntle heat nearly to dryness, weak alcohol is added, which dissolves the 
chloride of sodium and any excess of salt of platinum which may be present. 
The yellow powder is collected on a weighed filter, washed well with spirits, 
dried by a gentle heat and weighed on the filter. Every 100 grains indicate 
the presence of 19°33 grains of potash, or 30:56 grains of chloride of potassium. 

The quantity of chloride of sodium is estimated from the loss. ‘The weight 
of the chloride of potassium above found, is deducted from that of the mixed 
chlorides previously ascertained, the remainder is the weight of the chloride of 
sodium. Every 100 grains of chloride of sodium (common salt) are equiva- 
lent to 53°29 of soda. 

h. Estimation of the Ammonia.—Y¥f ammonia be present in the solution along 
with potash and other substances, the method by which it can be most easily 
estimated is to introduce the solution into a large tubulated retort, to add water 
until the solution amounts to nearly an English pint—then to introduce a quan- 
tity of caustic potash or caustic baryta, and to distil by a gentle heat intoa 
close receiver, containing a little dilute muriatic acid, until fully one half has 
passed over. Bi-chloride of platinum is then to be added to the solution, 
which has come over, previously rendered slightly acid by muriatic acid, and 
the whole is evaporated nea7iy to dryness by a very gentle heat. Dilute alco- 
hol isthen added to wash out the excess of the salt of platinum, and the yellow 
powder is collected on a filter, washed with spirit, dried by a very gentle heat, 
and weighed. One hundred grains indicate the presence of 7°69 grains of 
ammonia. 

Or the yellow powder, without being so carefully dried, may be heated to red- 
ness, When only metallic platinum will remain. One hundred grains of this 
metallic platinum indicate the presence of 1739 grains of ammonia. 

i. Estimation of the Phosphoric Acid.—lf phosphoric acid be present in the 
solution, it will be contained in the precipitate thrown down by ammonia (7). 
As it will never be found but in very small quantity, the rigorous determination 
of its amount is a matter of considerable difficulty. The following method 
already described (13°, 4,) may be adopted. ‘The precipitated alumina, oxide 
of iron, &c., thrown down by ammonia, after being dried, are to be mixed with 
three times their weight of pure dry carbonate of soda, and fused together in a 
platinum crucible. ‘lhe fused mass is then to be treated with cold distilled 
water till every thing soluble is taken up. The filtered solution is next to be 
gently heated and exactly neutralized with nitric acid, when a solution of ni- 
trate of silver will throw down a wile precipitate of phosphate of silver, which 
is to be collected, dried, and weighed. Every hundred grains of it are equal to 
23°51 of phosphoric acid, or 48-50 of bone earth. 
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* Or the filtered solution may be treated with muriatic acid, ammonia added in 
excess, and then a solution of chloride of calcium. Bone earth will fall, which 
is to be collected, washed, heated to redness, and weighed. One hundred 
grains of it contain 48-45 of phosphoric acid. ‘The former method is probably 
the better, but neither of them will give more than an approximation to the truth. 

‘That portion of the fused mass which cold water has refused to take up is to 
be dissolved in muriatic acid, and again precipitated by ammonia. The clear 
solution which passes through is to be added to the first ammoniacal solu- 
tion (c), from which the lime is not yet thrown down, as when little alumina 
and oxide of iron are present, a small portion of lime and magnesia, if con- 
tained in the salt under examination, may have fallen along with them in com- 
bination with phosphoric acid. 

The alumina and oxide of iron which rest on the filter are to be separated 
and estimated as already described (2). 

k. Estimation of the Curbonic A-id,—The lime and magnesia dissolved by 
cold diluted muriatie acid are partly in combination with carbonic acid and 
partly with the humic, ulmic, and other vegetable acids. ‘I’o determine the 
carbonic acid, 100 grains of the soil dried at 212°, are to be introduced into a 
small weighed flask, and then just covered by a weighed quantity of cold di- 
Juted muriatic acid. After 12 hours, when the action has ceased, a small tube 
is to be introduced into the flask and air sucked through it till the whole of the 
carbonic acid is drawn out of the flask. The loss of weight will indicate the 
amount of carbonic acid very nearly. It would be more rigorously ascertained 
by fitting into the mouth of the flask a tube containing chloride of calcium, 
and then heating the solution to expel the carbonic acid. 

Every hundred grains of carbonic acid indicate the presence of 77-24 grains 
of lime in the state of carbonate. The weight of lime in this state, deducted 
from the whole weight obtained as above (c), gives the quantity which is i 
combination with other organic acids. 
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15°. When the soil has been washed with distilled water as above directed— 
it is to be treated in the cold with diluted muriatic acid—and allowed to stand 
with occasional stirring for 12 hours. By this means the carbonates of lime, 
magnesia, and iron, and the phosphates of lime, and alumina, are dissolved— 
with any lime, magnesia, oxide of iron, or alumina, which may have been in 
combination with organic acids. ‘The iron, alumima, and phosphoric acid are 
to be precipitated by ammonia, the lime by oxalate of ammonia, and such other 
steps taken as may be necessary, according to the methods already described. 

16°. The undissolved portion may now be treated with hot concentrated 
muriatic, kept warm and occasionally stirred for two or three hours, and the 
solution afterwards evaporated to dryness. The dry matter is then to be 
moistened with a few drops of muriatic acid, and subsequently treated with 
water. What remains undissolved is silica, which must be collected on a 
filter, dried, heated to redness, and weighed. 

The solution may contain oxide of iron, alumina, lime, magnesia, potash, 
and soda. Any of the four last substances, which may be detected in it, have 
most probably existed in the soil, in combination with silica—in the state of 
silicates. 

17°. But the soil may still contain alumina, not soluble in hot muriatic acid, 
To ascertain if this be the case, and to separate and determine this portion of 
the alumina, if present, either of two methods may be adopted. 

a. The residual soil may be drenched with concentrated sulphuric acid and 
heated for a considerable time till the sulphuric acid is nearly all driven off. 
On treating with water, and adding ammonia to the filtered solution, alumina, 
and oxide of iron, if any have been present, will be thrown down. If any 
alumina be thus separated. the treatment with sulphuric acid must be repeat- 


28* 


[Appendex, 


OF THE SOLUBLE SALINE MATTER IN THE SOIL. 


38 


Cpe “d) “trey prim 
Yiwes auog uayM 


(9) Gonn, = ‘eluourme osuRa 
“OS 910} puke wuloyeo jo 
Ppe puke spuolita ppe pus 
ple ene  ‘proe oneunut 4q 
“Muu dt tof yyey PIM toa 
VALUSSID —--[IS_ yo ayRydsoyd 

: UreUT Uet{M ‘taatis Jo 
“OL UO  ayeryiU ppe ap ‘poe 
JO 98pr onutu Aq aziyey 
*XO puB  -NeN ‘paarossip st 


BUIUEALY “pf plow duoydsoyg ‘¢ 


—-——_—_—_-_. tend 
Cpe “d) 
TBM PaAT[NSIP CIM YSew pue 
‘epos JO ayeuoquera (UM asin 
“PeA[OSsipun  UTeUat uot 


“Ydlem pue Ysem 
f sje} Bulwn 


“Udi -[V ‘sso0xe Ul 
wy ysem BIUOTIUTe Ua) 
S sureur fIn08 st uonn] 
-al UOdT -OS at) [[ poe 


JO aplxQ "2 oNelnw ppy °g 
ee 
Cee ‘d) ysejod 
onsnes jo uonnjos eB ul ajeyd 
-foaid vt) ysedip pue ‘eruour 
“ule ppv fut Jo aprxo pue 


‘ftom pue ‘ajpu 
-0G.LD9 OVUL FL JLo 
-UU9 0} SSIUPat Of 


ysiom pue Yeay 
apuas e fq Aap ‘joyoole Yeam 
yim ayeydiooid ayy YseA, “OT 
—— 


*UBION 
pune ‘ssanpar 0} ay ‘ysem 
S SUIBULIL BISQUDEUL VIISURL) “fT 
ee. 


‘ged ‘yttom 
pure ‘are af] Ur SSaupa.dt 0} Jeol, 
‘ysem “epos Jo ayeuogaea &q 
eyepdiooud ‘proe oeinUut UL 
eajossip fjatuqdyns se sypey 
VI jeseid Sl asvURBURL JP ZT 


—+-— 


ee 


‘(g1) wtnissejod jo apt 
“OTT BUI Jo JULI (G1) sapuopys 
PEXIUL OY} JO JY Fam aly Woy 
Sunvapap Aq panoy st wysiam 
§}} pue ‘uonnjos ul sureut 
“OL WINIPOS JO dpitOjd aU, “ZT 
ee 
“pe ‘d ‘ysejod 
eyi ayeiedeas 0} umuyrd yo 
OPO] Yo-1q ppe puB ‘AgjeMm ut 
PALOSSIP-a4 “YBIIM ‘ssauAAp OF 
ojetodeag "juosaatd jt ‘ainipos 
pue ulnissejod jo sepiuojyo 
9) SUlkjUOI UONN[OS sf, ‘GT 
——d 


VOJUM IM yea 
pur ‘ssoupert 0} yoy ‘ssau 
-Aip Oj ulese ajetodeaa ‘Aung 
law JO apixo pat atud ayIT 
B UUM XIUL “Stowe aft] eB ul 
@A[USSIPO@Y “S]/BS [LILIUVWTR 
Ot [JB PU aAtp oO} ssoupes 
quy!G19UL 0} Jeay pur *ssoudap 
0) ayetodeaa ‘aoyjy ‘loy “pro 
-B dyelinus fq Anus sapuay “ET 


pue vue jo sajeydsoyg “g eurutnje surejuoa UuoOnnjog "9 Ieay ‘yseMm *s]]ef — ——Va : —_—_ 
Cs = =e a — aul, jo aizexO ‘OL ‘e}uOUTUTe JO Jaamid(nsompdy PpV ‘TT 
a = ed 
"ploe oa08 Ul IsazIqy —— Now : 
‘paseyidioaad are prov oltoydsoyd pue “BULENT? ‘UOTE JO BPIXO % “1B OY) ULOL} J! 49409 pue ‘eIUOUTULE JO aje|eXLO Ppe UOIN[OS Aea]o III OL, °G 
— i = ——_ od 
—- -— 


*SS90XO Ul RIUOUIUIL O4SNeI PPV ‘1 
‘prow ouoydsoyd 
puv ‘epos ‘ysejod ‘asaueSueur jo aprxo ‘UOAE JO aptxo ‘vuruNye ‘ersauseur ‘stuTy uTEIUOD Avu pue “unos Aypaprap aq PInCgSuenay 
“OS SIU, “UONNIOS ay} A07[y pure ‘sanoy {I AoJ prow oyermMut anTIp yA ysosip ‘qS1oa ‘Gy ye Amp ‘taper Pa][YSIp UL [IOs ay} IsasIGy 
‘peqiiosap spoyjatu ay) Aq prow one ut UoNnyos 9y) 
Wod SaouBISqUS oTUBS10UT [e19Aes ay) auAUdos 0} AapIO UL UaxL] aq 07 aAv YortTA sdajs aatssadons ayy STIqIYXa AWaYOS SULAOT]OJ OY T, 


No. V.] OF THE SOLUBLE SALINE MATTER IN THE SOIL. 39 


ed, till on treating with water and ammonia, as before, no more alumina ap- 
pears. 

6. Or that portion of the soil on which hot muriatic acid refuses to act may 
be mixed with twice its weight of carbonate of soda, and heated in a platinum 
crucible till the wnole is completely fused. ‘The massis then to be treated with 
diluted muriatic acid till every thing soluble is taken up, the filtered solution 
evaporated to dryness, the dry mass moistened with muriatic acid, and again 
treated with water. If any thing is left undissolved it will be silica, and if any 
alumina be contained in the solution, it will be precipitated by ammonia, and 
may be collected, washed, dried, and weighed, as already described. The so- 
lution may also be tested for magnesia, and if any be present it may be sepa- 
rated by the process already explained. 

The former of these two methods is to be preferred as the simpler, though it 
will also require considerable care and attention. ‘That which the sulphuric acid 
leaves behind must be washed, dried, heated to redness, and weighed. It will be 
found to consist chiefly of quartz sand, and finely divided siliceous matter. 

The accuracy and care with which the whole of these processes have been 
conducted is tested by adding together the weights cf the several substances 
that have been separately obtained. If this sum does not differ more than one 
per cent. from the weight of the soil employed, the results may be considered 
as deserving of confidence. One of the points in which a beginner is most 
likely to err, is in the washing of the several precipitates he collects upon his 
filters. As this is a tedious operation, he is very likely to wash them, at first, 
only imperfectly, and thus to have an excess of weight when his quantities are 
added together—whereas a small loss is almost unavoidable. The precipitates 
should always be washed with disti!led water, and the washing continued until 
a drop of what passes through leaves no stain when dried upon a bit of glass. 


a eee 


No. VI. 
ACTION OF GyYPsUM.—(See pages 333-34.) 


In the text I have stated what appear to me the most probable effects which 
gypsum is fitted to produce upon the soil. Some of the numerous opinions that 
have been entertained upon this point are thus summed up by Hlubeck :— 

“ According to Kollner, the action of gypsum depends upon the power pos- 
sessed by lime to form with the oxygen and carbon of the atmosphere compounds 
which are favourable to vegetation ; according to Ruckert, it acts like any other 
food; according to Mayzr and Brown, it merely improves the physical proper- 
ties of the soil; while, according to Avi/, itis an essential constituent of the plant. 
Hedwig called gypsum the saliva and gastric juice of plants ; Humboldt, Gir- 
taner, and Albert Tier considered it as a stimulant by which the circulation 
of plants is promoted ; and Ciap/al ascribed its action to a supposed power of 
supplying water and carbonic acid to plants. Dvvy regarded it as an essential 
constituent of plants, because it acts only where gypsum is wanting in the soil, 
while other English agriculturists have supposed it to promote fermentation in 
the soil. According to Laubender, it acts as an exciting power without mixing 
itself with the sap of the plant; according to Liebiy, it fixes the ammonia of the 
atmosphere ; and, according to Bracsonnot and Sprengel, it supplies sulphur 
for the formation of the legumin of the leguminous plants (the most pro’ 's 
view).”—Ernahrung der Pflanzen, p. 70, note. 

To the above extract I may add, that Mr. Cuthbert Johnson, so lor 
for his many valuable writings upon agriculture, in following out the 
of Reil and Davy in a recent paper on the use of gypsum iiear 
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Agr. Society, ii., p. 108,) has stated that a crop of clover or sainfoin contains 14 
to 2 cwt. of gypsum per acre, exactly the quantity which the farmers of Kent and 
Hampshire find it useful to apply to their grass landsevery year. ‘This state- 
ment affords a very simple explanation of the use of gypsum, and one which 
at first sight leaves nothing to be desired. But it proves too much, for it 
supposes the whole of the gypsum which is laid upon the grass or clover 
field to be removed year by year in the crop, and makes no allowance either for 
the quantity which must necessarily be carried off by the rains, or for that 
which must be sometimes at least laid on in the form of farm-yard or other 
similar manure. Nor does the result cf analysis confirm the above statement 
as to the quantity of gypsum contained in the crop of clover or sainfom. By 
referring to page 220, it will be seen that 1000 Ibs. of dry hay do not con- 
tain, on on average, more than 4 lbs. of sulphuric acid—equal, supposing it all 
to be in combination with lime, to 83 lbs. of gypsum. Or a crop of 14 tons of 
hay contains the elements of about 30 lbs. of gypsum—only about a sixth 
part of what is usually added as a top-dressing to the land. 


No. VII. 


SUGGESTIONS FOR EXPERIMENTS WITH THE SOLUBLE SILICATES 
OF POTASH AND SODA. 


In the text (pp. 207 and 349,) 1 have had frequent occasions to refer to the pre- 
sence in the soil of the silicates of potash and soda, and to their supposed action 
in supplying silica to the stems of the grasses and of the corn-bearing plants. 
it would be interesting in a theoretical point of view, to ascertain, by experi- 
ment, more fully than has hitherto been done, bow far the application of these 
substances to the growing crops would, as a general rule, improve or otherwise 
affect their growth. But as those experiments which have already been made 
(page 349), afford a strong presumption in favour of their economical value, 
it becomes a matter of practical interest also to investigate their apparent effects 
upon each of our cultivated crops. 

These experiments are placed within the reach of the practical farmer during 
the ensuing season, by the introduction of the above compounds into the 
market at a reasonable rate (page 363). I therefore subjoin a few sugges- 
tions for experiments with these silicates, in the hope that some of the many 
zealous and intelligent practical men, who are now directing their attention to 
the applications of chemical science to agriculture, may be induced to enter 
upon this field of inquiry during the ensuing spring. 

1°. In order to convey silica into the plant, it appears to be chemically indif= 
ferent whether the silicate of potash or that ef soda be placed within reach of 
its roots. But as the silicate of soda can be manufactured very much cheaper 
than that of potash, it is desirable above all to try the effects of this compound 
—upon the grasses and corn-bearing plants especially. 

2°. But as in the ashes of most plants potash is found in larger quantity than 
soda, it is possible that the effect of the silicate of potash upon some soils may 
be so much greater than that of the salt of soda as to counterbalance the dift 
ference of expense. Hence the propriety of extended trials with this com- 
pound also. 

3°. But as in the ashes of all our cultivated plants both potash and soda are 
found, it may be that a mixture of the two silicates may act better than either 
alone. It will be proper, therefore, to apply such a mixture in different pro- 


portions, and to compare it effects with those of each of the silicates laid 
on singly. ” 
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The first series of comparative experiments, therefore, would be as follows: 
The application may be frora 1 ewt. to 14 


a er | 
M4 Silicate of ewt. per acre, laid on as a -dressi i 
Silicate of || Potash, | Nothing ea iere cilier early in th paminy: it 
Soda.  |% Silicate of} * Ss: S BEEN € spring. rit 


Soda. may be mixed with a large quantity of wa- 
ass ————' ter, and applied with a water-cart. In either 
<i % Silicate of| case it ought to be in the state of a fine powder. 
ilicate of Potash, = sae 
Potash. |! Silicatelof| _ But altnough the above applications produce a bene- 
Soda. ficial effect upon the crops, it w:ll not necessarily follow 
that the silica, which the siica/es contain, has had any 
share in bringing about the good result. By mere expo- 
sure to the air for a length of time the potash or soda of those silicates will absorb 
carbonic acid from the atmosphere, and be converted into carbonates. ‘Lhe 
same will take place more rapidly still in the soil, where carbonic acid abounds 
This conversion of the alkali into carbonate wiil set free a large part of the 
silica—in a state it is true in which it is in some degree soluble in water (paze 
206,)—but in whien, nevertheless, it will find its way into the plant with 
much more difficulty than if it had remained in the state of a soluble silicate. 

Now as the carbonates of potash and soda are known to promote vegetation 
(page 328),—though even with these, sufficient trials have not yet been made 
—it is possible, as | have remarked above, that a good effect may follow the 
application of the silicates, and yet it may be altogether due to the action of the 
carbonates which are formed by their decomposition. It is of consequence to 
ascertain if this really be the case, because the quantity of carbonates which 
would be formed by the decomposition of the silicates could be laid on directly 
at one half of the price at which the silicates can as yet be sold. 

The second series of comparative experiments, therefore, which it would be 
interesting to try, would be such as the following :— 
‘The quantities here indicated are by the acre—that 

Silicate of Crude of carbonate of soda is given so great, because this salt 

Potash, Potash or | contains upwards of three-fifths its weight of water (see 

L cwt. Pearlash, p. 215.) 

oe Another consideration ought not here to be omitted. 
Crystallizea | Nature, as has been frequently illustrated in the text, 
Carbonate | feeds her plants with a mixture of many different sub- 
ee of Soda, | stances, and by the aid of such mixtures they always 

150 lbs. | thrive the best. The full benefit of the silicates, when 
~_' applied alone, will be experienced only when every oth- 
er ingredient which the plant requires is already present in the soil, and in suf 
ficient abundance. But ihis can rarely be the case. Its success will be more 
sure, therefore, if it be applied in a state of mixture with other saline substances 
which are known to be more or less useful to vegetation, and which will not, 
upon admixture, decompose these silicates. Such are common salt and the 
sulphate and nitrate of soda. 

nN third series of comparative experiments, therefore, might be made, in which 
from 1 to 1} ewt.-per acre of the following mixtures might be applied:—1°. 
Equal weights of common salt, of dry sulphate of soda, of nitrate of soda, and 
of silicate of potash; 2°. Equal weights of the same substances, omitting the 
silicate of potash; 3°. Equal weights of common salt, of dy sulphate of soda, 
of nitrate of potash, and of silicate of soda; and 4°. Equal weights of the same 
substances, omitting the silicate of soda, or substituting carbonate of soda in 
its stead. 

The sulphate of magnesia (Epsom salts) or of lime (gypsum) can not be 
safely used along with the silicates, as the magnesia or lime they contain may 
decompose the silicates—forming sulphate of potash or soda and silicate of 
magnesia or lime, in which the silica is insoluble, and could not, therefore, until 
a further chemical change took place, find its way into the roots of the plant. 


Silicate of 
Soda, 
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No. VIII. 


RESULTS OF EXPERIMENTS IN PRACTICAL AGRICULTURE, 
MADE IN 1842. 


I have much gratification in laying before my readers the results of a second 
year’s series of experiments undertaken in consequence of suggestions thrown 
out in previous parts of this Appendix, or of opinions expressed in the body of 
the work. It is one of the numerous good results which have followed from the 
issue of these Lectures in a periodical form that I have the pleasure of incorpo- 
rating in the same volume the results of experiments made during two succes- 
sive years. No one who studies with care the experiments which follow, and 
the few remarks I have appended to them, will hesitate in pronouncing them to 
be as a whole the most valuable contributions to accurate experimental agricul- 
ture ever hitherto published. The results are not all equally important, nor all 
equally instructive, but they are the first fruits of a new line of research, which 
will lead us hereafter to the discovery of important general truths. They show 
that practical men are now on the right road, and—spreading as scientific know- 
ledge now is among the agricultural body—} trust there is no fear of their here- 
after being prevented from pursuing it. 


A.,—EXPERIMENTS ON TURNIPS. 


I. The first series of experiments was made with the view of obtaining an- 
swers to these two questions: 
1°. What are the relative effects of different saline substances upon the turnip crop 
under the same circwnstances ? and 
2°. How far may these substances be employed alone to supersede farm-yard manure 
in the culture of turnips ? 
Turnips grown in Salter’s Bog.—Field furrow-drained and subsoil ploughed. Manures ap- 
plied partly in drills before sowing on Ist June, and partly as top-dressing on 28th July, 


1842. The salt and nitrate of soda last applied were dissolved in water; the others applied 
dry. The quantity of land in each plot was one-thirteenth of an acre. 


Manure applied. Produce REMARKS. 
No. Description of —— ——--——| weight | The rest of the field, 
Dressing. Ist June. |28thJuly |'Totat. lof bulbs.jgrown with farm-yard) 
|---| | ————|manure, was a fair ave- 
Ibs. lbs. Ibs. |sts. Ibs./rage crop. Those expe- 
LL ipMlounpiset te iam seis orl a — | 43 11 |rimented upon were a 
2 |Common Salt....... 2 6 8 | 23 0 |complete failure, owing 
3 § Common Salt.......) = 4 f 4 { | 65 19 |partly, no doubt, to the 
} Rape-AUSh sc cicaes niee|) OM _ 67 5 | ~ |severe drought of the sea- 
4 |Nitrate of Soda. ... 2 6 8 {| 36 6 |son, but chiefly to the 
5 |Nitrate of Soda..... _ 4 ‘ 4 | 45 § |want of farm-yard dung. 
Rape-dust..-.......} 67 _ 67 4 | The seeds brairded bad- 
g § |Nifrate of Soda..... 9 6 j 42/5. jo jly, and the drills were 
j Sulphate of Soda.... * ea i ~ lblanky throughout. Few 
7 |Sulphate of Soda.... 2 6 8 | 29 7 jof the plants reached any 
g § (Sulphate of Soda. ... 42 42| 99 yo |size, and the best of them 
Rape-dust........ 67 — §| 6745 ~ lwere inferiorto the plants: 
9 |Rape-dust.......... 67 67 134 | 46 3 jimmediately adjoining— 
MD | GAN s ele ce'acaec ects 8 17 | 61 6 |sown atthe same time, & 
) bush. | bush. | bush. similarly treated, except 
Ue U tol) Ae. Ga. See eee | {3 1 24} 9 9 jasrespectsthe manuring. 


The foregoing experiments were made at the suggestion of Lord Blantyre on 
the home farm, at Lennox Love, near Haddington, and have been reported to 
me, at his Lordship’s request, by Mr, William Goodiet, under whose immedi- 
diate superintendence the whole were conducted. 

The reader will not suppose, because they proved what are commonly called 
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failures, that therefore they are of no value. On the contrary, they so far satis- 
factorily answer the questions they were intended to solve. They show 

1°. ‘That saline manures in that locality caynot economically take the place 
of farm-yard manure, even for a single season. 

2°. That saline manures are even hurtful in the present condition of the land, 
when employed alone—producing a smaller crop than if no manure had been 
applied at all, and some of them ina remarkable degree. This appears to be 
especially the case with common salt, which at the rate of lewt. an acre reduced 
the crop of bulbs nearly to one-half of what was yielded by the unmanured por- 
tion of the field. It is still more striking that nitrate of soda applied at the same 
rate should diminish the crop though in a less degree than common salt—and 
that soot should almost kill it entirely, and that 15 ewt. of rape-dust per acre 
should produce scarcely any effect. In regard to guano, it was applied in too 
small quantity to do all the good of which it was capable had it been laid on 
more largely. If6 or 8 cwt. instead of 14 cwt per acre had been used, the crop 
would probably have equalled that obtained by the use of farm-yard manure. 

There is no doubt that to the extreme drought of the season, as Mr. Goodlet 
observes, must be ascribed the injury or actual lessening of the crop, in this case, 
by the use of saline manures. ‘ihe drought brings up the saline matters to the 
surface, and thus enables it to encrust, and weaken, or entirely kill, the growing 

lants. The want of rain in 1842 was much more felt in the Eastern part of 
cotland than in the West, where the greater part of the succeeding experi- 
ments were made, and where oceasional showers refreshed the land. 

One other observation I may make. Hfad the saline matters been mixed 
with a fair proportion of farm-yard manure, it is probuble that even on this field 
the effects would have been very different. One reason for this expectation is, 
that the plants being kept in a rapidly growing state—partly use up, and even 
eagerly appropriate, a large portion of the saline maiter as it rises to the surface 
—and by their strength are enabled to resist the injurious action of any excess, 
which in ordinary circumstances is likely to remain. The reader, however, 
will not ask why the experiments were not so made—for he has already seen 
that their object was to ascertain the effect of saline manures applied alone. 
From their results, however, he will draw for himself the important practical 
rule, that 7x ordinary circumstances tt is unsafe to trust his turnip crop to saline 
manures alone—that they may assist the action of farm-yard or other similar 
mixed manures, but cannot supply their place. But upon this point the sue- 
ceeding series of experiments throw much further light. 


II. The special object of the following four series of experiments was to as- 
certain— 

1°. The relative effects chiefly of various mixed manures upon several varieties 
of turnips ; and : 

2°. Whether any of these mixtures could alone be economically used to supersede 
farm-yard nanure. 

They were made at the home-farm at Barochan, near Paisley, under the 
direction and superintendence of Mr. Fleming, whose excellent experiments, 
made in 1841, are recorded in a previous part of this Appendix (pp. 17 to 24). 
Mr. Fleming describes himself as much indebted to his overseer, Mr. Gardiner, 
without the aid of whose zeal, intelligence, and careful superintendence, so 
numerous a body of experiments could neither have been made, nor the results 
accurately ascertained. 
1°. Comparative Experiments with various substances used as manures, for growing 

Swedish Turnips : seed sown 6th June, bulbs lifted 25th Nov., 1842. 


Remarks.—The land is a light loam, loose in texture, and of alight brown colour. Sub- 
soil hard, and fuil of small stones: it is of as nearly as possible the same quality. The tur- 
nip seed was all sown tipon the same day. Rain came on the night after sowing, and in 
consequence the crops brairded well, and came away strong. Those which show the great- 
est weight in the Table kept the lead of the others all the season. The numbers ofthe 

lots in the Table are hee in the order in which they followed each other on the ground. 
The crop would probably have been larger had there been more rain. 


~ 
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Quantity | Produce | Produce oi |Costof Manure 
ORCHARD FIELD. applied | of Bulbs, Bulbs, toppe:| per imperial 
No. per topped & jane tailed, perj/Acre,including 
Description of Manures used. | imperial tailed, per; imperial carriage and 
Acre. |jimp Acre.| acre. pulling on, 
| Ibs. tons. cwt. qrs.| £ 8. d. 
1 Peat and Night-soil, mixed... .| 20 tons. 4800 Vem ole Ve 
RARER VPIRNLL cic ro cis) «apie aes dle cocci since 5 ewt. 4050 JAHET “2 0. 12 6 
‘Carbonate of Lime......... ...| 20 bush. | 4640 LE AML ane, 0.3: 0 
‘Sulphate of AMmonia...... atte lie. Lresvie ? 
32 Quick-lime., : ( 4320 15°. 8) 2 L i216 
SOE SAS Be “Weep Seee sGn 5 
4° Sulphar 5 | 3980 14 613) 0641 Oixn2s 0 
5 (Imitation of Daniel’s mixtare,.| 50 bush. 4400 5 4 1 0 15, 0 
6 Wood Charcoal Powder.. 50. bush. 4240 Lian 2, 10.0 
7 (Fresh Animal Charcoal....... | 10 ewt. 5920 Pay 2g 2 10 0 
8 /Exhausted Animal Charcoal...) 10 cwt. 5560 19) 7 Ad 2° 0 0 
9 |Turnbull’s Humus............ 50 bush. 4800 I? Ye2h) 3 2 10 O 
10 |Bones diss. in Muriatic Acid...| 10 ewt. 5200 IS, 1 a3 B= \OFn0 
11 Barochan Artificial Guano.....) 3 cwt. 4960 7, “tae 1 1092 
12 |Turnbull’s do. Go. as eA 3 ewt. 4020 | eo heer tS ie WB 
13 ite eens Bralceaetetaes ante ote 3 cwl. 6560 SS we 3 15° 0 
alt and Quick-lime, mixed, | je z= 
ik 3 months old........... | oy ds aoe a coe sia le“ 
15 Pils. SEE atiotael beta cen eins | 50 bush. 4480 16)y 00 1° 46P 70 
Potash and Lime mixed, 14 ? 
lf Months Olds ..06. CHa NG 50 bush. 4400 1b iat Mone 
Lv |Quicklime 6% dan eters. stale 50 bush. 3200 L418; Ae Do ened 
18. |Wood-ashes. ......¢e0000-.+--| 50 bush. 3600 bY (ie nt! tS) oe 
HO BONG CUE 0). averse: sled areeim sis sats 40 bush. 4160 1: ie lla 5 10 10 
20 |Rape-dust.. oo 00.05 22 matereedtars 1 ton. 4009 14 63 8 10 O 
21 ‘Woollen Rags. . 2. Wad). Litow: 3920 144.0. O 9... 9500 
22 |Farm-yard dung.. esl temraraidateje -s.| 20 tons. 5200 18. WL, 52 10 10 O 
BEINGS tone ok 3440 |-12 5 3 


2°. Results of Experiments with various Substances used as manures for growing Early 
Liverpool Yellow Turnips, sown 9h June, and lified 2d December, 1=42. The quantity of 
land in each plot was one eighth of an imperial acre. 


- 7 me , Quantity of |Cost per Acre,) Produce of 
“ BERRIE KNOWES FIELD. Manure ap- SLOANE 5 Bulha, apes 
No Lhe jplied perim-| carriage and jand tailed, per 
Description of Manures used. Neonat Acre.| putting on. |imperial Acre. 
£. s. d. | tons. ewt. qrs. 
1 ( |Natural Guano at 25s.,.......... Piel) a Pi CMuts Pes 9 32 2 2 
f aQ IMWODM:AENES «Ac. cies aace.ciecerclucect 20 bush. 0 10 0 “ 
| o$|Barochan Artificial Guano...........) 5 ewt. 2 10 Of} 9 @ 38 
| Wig Od ash Gai. Sicraee due clientele 20 bush. OLLID O'S 
CUUMMRADE-CUSL cece cites coe cane oie nar 15 cwt. 6 10 0 28) lie 2 
4 §|Turnbull’s Artificial Guano.,........ 5 cwt. 2 lis 6 Ura re og 
WVOOG TASES =:./,<0,0 nva's aunisis weloreer sere 20 bush. 0 10 04 
5 |Soil simple Ll WS 
6 |Turnbull’s Humus 50 bush. 2. il 6 13 14 I 
7 |Bone-dust. . 3 .. | 380 bush, 4 3 6 17) eee 
8 |Potash & Lime mixed, 14 mos. old..,} 50 bush. 1 biel Wy 6 14 5 38 
| 9 |Salt & Lime mixed, 3 mos. old....... 50 bush. PO The 1S) 1%p a 
10 |Sulphate of Magnesia Ris Made SII Ste 1 cwt. Oj 8) 8 Vr ea | 
11 Sulphate of Ammonia............... lewt. get 0 aed 2 
12 Pirate of eee Gee oa ee Se eee 1 ewt. 3 0 faa ity 
Sulphate of Ammonia............... 56 Ibs. OPT 0 
13 j WWOOUsASHES <0). cst 'eiccpeereicelisimaicns ox 40 bush. eh ey Be 
Nitrate Alpena... nies os daic/eesmiencies 56 Ibs. 0°12 6) 
14 Sulphate of Magnesia................ | 28 Ibs. OF A2IeNG tice) ese 
Wood-ashes...... sieve cieaisieietials 2). SUUDUS Tie TY *0 04 
|_( Sulphate of AMMONia.. osc. ssesse ee 84 Ibs. 0 16 0) 
15 ¢ |Sulphate of Magnesia.............05 40 Ibs 0 3 4 16 14 #1 
imemiTa Potashy. s.\s..tels eevee ek 20 bush. 0 8 0\ 
16 |Turnbull’s Artificial Guano 5 ewt. 2) 1 6 21 4 oak 
17 |Barochan Artificial Guano.... 5 ewt. 2 lO? --)B 24.32. 4 
18 |Soil simple.............. 13.617 well 
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Remarks.—The soii is a light hazel leam incumbent upon sand-stone rock. It was 
trenched with the spade, in the spring of 1842, out of pasture grass, to the depth of 16 inches, 
and the rock quarried out when it came nearer the surface than that depth, it was again 
pointed over before sowing, after which the drills were niade upon the flat surface with the 
hoe, at the distance of 27 inches between them, (he manure suwn in by the hand, and co- 
vered up, the seed sown and rolled in. ‘The weather was very dry at the time they were 
sown, aud continued so till about the 2Uth June, accompanied will east winds and bright 
sunshine. They brairded moderately well, and most of them came away strong and 
healthy. In examining them, and in the working them, which was done by the hand-hoe, 
many of them sliowed a remarkuble difference from the others; particularly No. 1 was pre- 
eminent above the others fur size of bulbs and strength of foliage Many ot the bulbs were 
11 lbs. in weight; those with the salive and alkaline manures, such as Nos. 8, 9, i0, and 12, 
were much smaller in bulbs and leaves than No. J, Jut were remarkable for firminess and 
solidity of bulbs, No. ll was larger in size both of bulbs and leaves, but soft and light in 
weight. No.7 had very firm solid bulbs, as had also Nos. 2and4. The numbers of the 
plots given iu the Table indicate the order in which they were grown in the field. 


The Barochan Artificial Guano consisted of 


pense dissolved in Muriatice Acid... ...2 cwt. | Nitrate of Soda............ Potteme se . -28 lbs. 
Charcoal powder ..............-....2 wt. | Sulphate of Soda and 

Sulphate of AMmonia............ ...-l cwt. | Sulphate of Magnesia ‘ Gach. sitive Mls. 
Common Salt and Gypsum, each,....1 cwt | SSS 
Woodtanhes is 222600), . ic) n0's2 ts Cw. | 12 ewt. | qr. 20 lbs. 


Ste note to page 47. 


3°. Experiments with various Manures on nine Acres of Turnips on the Farm 
at Crooks, 1842. 


Quantity Produce | yings Value 
Date of | of Laud | Manures, and quantities applied to | in Tons of | of ma- 
< Sowing. |perScotch| the land sown, per Scotch acre. [per Scotch Turni nures 
Zz acre. acre. P. applied. 
—|——_—_ | —_—_—_— | | |---| 
| aR ee | 
1)May 28.| 1 1 |Rape-dust 5 ewt., Humus 25 bushels, E 
Bone-dust 12 bushels, Peat ashes 5 
CTR) Ae Se A aia baie Hop Somecic 22 Swedes.| 4 15 
2\May 30.| 1 0 |Rape-dust 5cwt., Bones 10 bushels, 
Ilumus 25 bush., Ashes 5 carts.... 20 Do. 4 10) 
3 June 6. 1 2 \Johnstone town-dung 30 tons at 6s., 
Bones I4 bush. at 2s 6d..... ranged 24 Yellow.| 10 15 
4Junell.| 0 3 |Parm-yard dung 25 tons at7s., Bones 
| 1Oibishs ates. 60. ..xpae. ds Saeceer- 19 Do. |10 0 
5Junel5.| 1 0 {Artificial Guano (No. 1. p. 50) 2 ewr., 
| Humus 40 bush., Peat ashes 5carts. 20 Do. 3.5 
6Junel7.| 1 1 |Natural Guano 1 cwt, Humus 40 
BUSHEIGRA, Jo-up Gs. suacadhtcnne socials Do:. |. 2 18 
7 June 23.| 1 1 |Humus 57 bush., Bones 10 bush..... 14 Do. 4 
8 July 4. 1 1 [Artificial Guano mix., (No. II, p. £0.) 122 White.| 5 12 


RemArES.—No. 1. Soil a stiff loam, moist, and in good order; when the seed was sown 


brairded well, and came away al once. 


1 
No. 2. Soil rather lighter than the former; seed brairded well, and came away at once. 


i 


No. 3. Svil the same as above ; brairded quickly in consequence of a shower of rain. — 
No. 4. Soil lighter than No. 3; a bad braird, and turnips long of springing for want of rain 


. Soil as above; and like No. 5, still very dry for want of rain; a late braird. 

Soil lighter, mixed with peat; no rain—bad braird. 

No. 8. Soil heavy clay loam ; no rain, and a bad braird. 

The two latter, from drought and late sowing, did not grow much till the end of Sep- 
tember; and when checked by frost in the beginning of November, were: still growing 
vigorously. 

N. B—The land was of different qualities, the seed alsosown at different times, and in 
very different states of the atmosphere, with respect to moisture, yet the average produce 
was good; and althongh itis not easy to say which of the artificial manures, under such 
circumstances, was actually the best, the general result shows thal any of these used will 
produce on my land a good average crop of turnips, and at a less expense than farm-yard 
manure, and tends to confirm the correctness of various experiments tried by me ona 
ma‘lerscale. The measurements having been made by the Scotch chain, I have not al- 
tered them. No. 8 would probably have been the best turnips, had they been sown earlier, 
and been assisted by a fall of rain. 


3. 
4 
No. 5 Soil as above; long of brairding in consequence of want of rain. : 
6 
7 
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4°, Results of Experiments with different_mixed manures, in growing White Globe T'ur- 
ae on new trenched land, Bucklather Field. Sown 13th July, and liited 16th December, 


Quantity | Price of |Weight in|/Weight in: 


he per Manure | imperial |Tons, &c. 
$ Description of Manure used. imperial per |pounds pr.| per impe- | 
4 Acre. | Acre. tg3th Acre.| rial Acre. | 


eres lbs. tons. cwt. 
1/Turnboll’s Humus..................| 60bush.} 3 0 0 5950 QD edu al 

| </Turnbull’s improved Bones ........| Scwt. | 1 10 0 4900 17 10 
3|/Barochan artificial Guano ........... 5ewt. | 2 10 0 6300 22.10 | 

4lNatural Guano.......... AR ee rere ie 25015 UN Fpewests) ata) 9170 39 15 | 


The Natural Guano was purchased December, 1841, when the price was £25 perton. It 
can now be had for £12. 

Remarxks.—The land was trenched 18 inches deep, and completely drained at the dis- 
tance of 18 feet, with tile drains laid 30 inches deep, in Feb. 1842. Previous to this it was in’ 
a wet, sour state. It was again pointed over with the spade, and the drills made for the 
manures with the hoe upon the level surface, The manures were then sown in the bottom 
ofthe drills with the hand, and a little earth being put over them, the seed was sown, 
covered, and rolled. The weather had been dry for some time before sowing, but rain 
came on that day, they brairded quickly, and continued to grow till lified—the field being 
well sheltered. ‘lhe tops of Nos. 2, 3, and 4 were of a dark green colour, and remarkably 
luxuriant, many of the bulbs weighing from 5to 8lbs. No. | wasof a lighter green, but 
strong and healthy, and many of the bulbs of this lot were 5and6]bs. The bulbs of all of 
them were finely shaped. 


Il!. The object of the two following series of experiments was the same as in 
those of Mr. I'leming. 

1°. Results of comparative experiments upon Swedes and olher Turnips made 
on the home farm of Mr. Alexander, of Southbar, near Paisley, in 1842. 

The soil of the field was a deep loam, with a slight admixture of peat—the 
subsoil was partly a light clay and partly a sandy gravel. It was thoroughly 
tile-drained and subsoiled to the depth of fourteen inches. 


Quantity 4 | Produce | 
{\Cost per] ; | 
rs : er : - | in bulbs ; 
No. Kind of Manures. ini peril inapesial per imp. | 
Acre. SFe-E Acree] 
SS eS ae eee 
Eat | 
SWEDES, sown Sth May. j 
1 |Bone-dasti...sseees seeeeeeeeeseeeeree 32bnsh, | 4 8 Bk tons, | 
BOQES)... socle = seis velern« Sactdagocodian scot 116 bush. 
25 ISIAH Pie lors a's ctecle lalate pie telcletel-ala edteyalvi=' {12 tons. , 5 8 8 tons. 
3) |Fammacyard: Ounipins 2 sttecse ce = et = oele 3] 32 tons. ll 4 |303 tons. 
Mixture of Yellow & White, sown 20th July. | 
4 wl Gwano . heres «os Raa ciseirese SC OAD EARS | 324 cwt. > 3 10 |20 tons. 
JGR Obs oan selne SP eiisinceleeoeieielslacesiaa|i oC Mite 
2 Paniityard Manire! sconces cee caistcee me. ' 8 tons. § 4 16 (24 tons. 


Mr. Alexander adds, I must here notice particularly the result of the last two experi- 
ments. The seed sown wasa mixture of yellow and white, and the period of sowing as 
late as the 10th July. The weather at the time being favourable, they brairded quickly, 
grew with great vigour, and when all the other turnips in the field became affected with 
mildew they stood as green as ever. This (viz., the non-mildewing) I attribute greatly to 
the guano, as well as to the late sowing, never before having seen such a weight of turnips 
produced, sown so late in the season. I applied other artificial manures on both of these 
fields with a due proportion of dung, varying the quantities and modes of application, as ap- 
peared to me best to test their qualities, but as the comparative effect isso difficult to decide 
upon, I can only here observe, with any certainty, that though the turnips brairded quicker 
when the dung was assisted with these manures, particularly where Turnbull’s humus was 
applied, the crops afterwards did not appear to me to be materially aided. 


2°. Result of experiments upon Yellow Twrnips made by Mr. Alexander, of 
Southbar, at Wellwood Farm, Muirkirk, Ayrshire, 1842. 

The nature of the soil on which the experiments were made was reclaimed moss 
sie about 2 feet deep), having a clayey subsoil, but which had been thoroughly 

ained with tiles at fifteen feet apart. The field had produced white and hay 
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crops, but, as far as known, had never been previously green-cropped. The whole 
of it received the same labour, preparatory to sowing, and the weather during the 
operation (which lasted four days) was the same, thus giving to each ex periment 
an equal chance. ‘The period of sowing was from the 15th to 19th of May; the 
turnip seed used was Skirving’s improved purple-topped yellow; the dung used 
was the produce of the farm, and, with the exception of the foreign guano, all the 
other manures apptied were those manufactured and sold by Mr. ‘Turnbull, of 
Glasgow. The extent of ground for each experiment was one acre, Scotch measure. 


| | Quantity | Cost of | Produce 
N Kind of Manure. | PEF Masure | in Bulbs | Naan ier 


Oo. ! . ? Manure | ~ 
| imperial |per impe- per impe- 
Acre. rial Ae pees PEP oh: 
le aD lw re ah mn? 
arm-yard Dung....; 12 tons. | | 4 
l j PRU on teyn. a tapsiac 1 2 owt 0. 8 af | 28 tons. | a Ss 
Farm-yard Dung....| 12tens.!4 4 0)| 
2} Hortus’) ....68 2.0.) Tpewk "0! 70> ae 8 ca | 
Artificial Guano... .. Fs Se Sine OraOwiy 
\|Farm-yard Dung....!| tons./4 4 0 / 
35 Prepared Bones™....) 24 ewt.| 0 15 of | 20.1% 4 Mh 
(|Farm-yard Dung....| I2tons.|}4 4 0)| 
PHAUMUS ona ee ents. a} On 91 
44 improved Bones....| 90% |0 4103| 16 “| 6 7% 
Artificial Guano.....| 90 * 05 6 
(/Ammoniacal Salrs...; 45 “ 0 8 0 
5 jArtificial Guano..... 3t cwt.| 1 3° 0 gut 2°. 6 
GG GeO tis ore ae the ale Spe! 1 arom aes | 2 ee 


IV. Efect of Gypsum on the Turnip Crop. 


In 1841, Mr. Burnet of Gadgirth, near Ayr, applied a top-dressing of gypsum 
to part of a field of turnips, and found that it nearly doubled the crop. 

In 1842, Mr. Campbell, of Craigie, in the same neighbourhood, “dressed a 
six acre field, with the exception of a few rows, with two cwt. of unburned 
gypsum per acre. The crop over the whole was excellent, but there was no 
perceptible difference between the dressed and the undressed part.” 

How are these discordant results to be reconciled? The following questions 
suggest themselves as worthy of investigation— 

1°. Is gypsum really propiiious to the turnip crop,—and to every variety alike? 

2°. Are ihe unlike results above obtained to be ascribed to the abundant pre- 
sence, in the one case, of gypsum in the soil, or in the manure ploughed in, 
and its absence in the other—or to the variety of turnip cultivated 1—or 

3°. Can the sea-spray supply gypsum to Mr. Campbell’s estate, which is 
within two miles of the coast, while it is less bountiful to that of Mr. Burnet, 
which is six miles inland ? 


B.—EXPERIMENTS ON POTATOES, 


I. Results obtained by Mr. Campbell, of Craigie. 

Four equal drills of potatoes were treated as follows:— 
1°. Guano, 3 cwt. per acre. 3 3 produce 5 pecks. 
2°. Farm-yard dung, 40 cubic yards per acre : ; produce 6 do. 
3°. Do., top-dressed afterwards with 60 lbs. of nitrate of soda, produce 6 do. 
4°. Do., top-dressed with 160 lbs. sulphate and nitrate, mixed, produce 6 do. 


* Turnbull's Flumus is formed from urine and night-soil mixed with gypsum and char- 
coal and then dried. 

Turnbull's prepared Bones are bones and flesh dissolved in muriatic acid, and mixed 
with about an equal quantity of charcoal in powder. 

Turnbull’s Artificial Guano is, I believe, prepared bones, with a little saltand sulphate of 
ammonia prepared from urine, and dried with a stove-heat. 
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fa 295 Comparative Experiments with various substances used as manures for growing Potatoes, planted 18th 
Gatos May, and lifted 12th October, 1842.00 
Fr EAS Era) The quantity of lund in euch plot was one-sizteenth of an imperial acre. 
ea? a | : at 
2 Ea tes & Produce in | Produce in| Cost of Ma- 
nO aa aa BS Quantity of Ma |bolls (of 5 ewt.| Tous, &e , |nure pracre, 
Ss Ce eta Rs 2. “4 No. Description of Manures used, nore applied perjea.), Renfrew-/per imperial including 
BORO, eS and kinds of Potatoes. imperial Acre. |shire measure| Acre. eee 
= O'S oO = per imp. acre. ig on. 
Sacuns s ee. | 
as ons Q, ¢ BU 223 Se eee Se Ee ee ee eee Se he 
wns 6.58 o | AS A.— White Don Potato. } bolls. pks. Ibs. jtns. cwt.qrs.) £. 8. d. 
Bola yg a oe 1 Turnbull’s HUMUS, . 2502 -00sevene ore BO ee 5: 4118 WwW os 2 | 270 
oy -<s SSeds Wood-ashes, Mixed..<..00.+ sedsacvesice ws oe. 
pi gsses Ne a | Bape UUst,.-..ds.cg ne cee cia wes @. IRON Men) 49) OB Bee ‘6 2 4 # ' 
SS5S5 59088 | 3 |Turnbull’s prepared Bones........6.....| Icwt.....-....] 34 14 2 3 14 1 Py 
| © 5S Ss | 4 |Turnbull’s artificial Guano......-.-..... bi OS Si Sen 43 0 0 10 a5 0. ae 
25,°S eae 0 (6 jNaturalGnano. 7... .cmvacrcerernernf o Soseas....| 73 13 0 418 § 90 0 
ae Sos SS B.—Red Don Potato. t 50a =) 
od aa aoe Gilad BEIGE. Soc eee eters ne Os cmiet tins fm Sicoisie coe epginnne ciel! (27 aes A) 65 0 
gsaegiges Wood-asl Eo i. ae ee oe, poobubielac.c.. | Sor BW 740: 2 |-a B.8 
no =) BOonos’& 7 Ood-ashes..... +... 3 e aey 
Cie ank SHAS ByalNanuraliGuano se. ote. 0 asia cee delete «| 4c WE. erumstet ||| OR aD 14 6 5 5 I 
Se ess 191] Do. & Woodashes .. 2. cL] 4 Q5bbisashes} 63) 0 0 115 15 0 | 5 12 6 
SouZeese8 fio | Do. do. & Wood-charcoal..| 420" chare’l] 70 0 0 |17 10 9 | 6 0 0 
$7588 My Fk | |rurnbuisartificial Goano..... ........,4% .eeee. | SL O 0 12 15 0 | 1 2 O 
eee ne SS [12 |Turnbull’s artificial Guano & Wood-ashes| 4 25 ashes} 51 0 0 {12 15 0 | 2 4 6 
2S piPse &* $3 {13 |Turnbull’s prepared Bones & Wood-ashes| 4 ‘25 “ ashes} 54 14 A 13 i 1 1 is ‘ 
gsFoud 26S s {14 /Turnbull’s prepared Bones,.... .-...--. ane fe Fe ot a 9 a a 5 4 a. 
Oo se KR GZSHR YS {15 |Rape-dust..... ee Sedebd. Jade coony A Chs— Seem ear 2 
a s oo a & 2 {16 |Rape-dust and Wood-ashes...-....-+....1 3)" 25bhis.asher| 56 0 0 j14 0 O 9 s 
ede bg a) iS aneZ.S [17 |Potash & Lime (1 lb. potashto] bush. lime),60 bushels,.....} 39 O O | 9 15 0 2 
a. oO bos = SS lis |Gypsum........ 0 weeseee Pe. LOMCW co. tepmken |) OO) Ae 20nd) Oo 1b B 026 
ma j 2 apes = 10 |Salt & quicklime (4 cwt. salt to 14 tns lime) 60 bushels...... 34 0 0,8 10 O L One 
2256252 5.8 |g |Humusand Wood-ashes..........-. ...40% 25bhisashes} 36 0 0/9 0 O | 2 14 O 
“asodscSa:s (20 |Humusa 0 1p oae ae 
paguaze SPI Bone: dist o-oo eeaecadi-n- levmecm: «» (AO.DUBHEIR. tats) 89) 8) 9 15 
og Sv 2BOLs C.—Connaught Cups Potato. . 4 re 
PERL ESS SSO [22 |Soil, simple... eeeeeeeee ees setesesersee | BBO 8 5 Ce Gaara. 
OS SS SSS [23 |Bono-dust...c.-scecscseccsseessceees 45 Dushels,.....] 39 0 9 15 
5 SSE et OA: UNAtiralGUBNO osc uo Meese ee Ness. opine vl ACW cndnen.| 64 14 2 1 MSE | Be 
One Mo S32 [24 [Natural Guano ..... a nto. ie oe a 
noegso2°ON 25 {Rape-dust ole caels dene Mito. < flats SIPLMOM: cht cote) 62 <f) ated S ed 
Seo e S28 SS h6) {| Marnbull’siHumlis. 0s. .ootccieass stato GOODIE Senge 1 40 0) ie j 
Eg = S = a a The above manures were put in with the potato cutting,—no top-dressing being afterwards applied. 
Haas 
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2°. The object of the two following series of experiments was to ascertain— 
1°. The relative effect of different saline substances applied a'ong with farm-yard 
manure ; and—2°, Whether the effects were greater when mixed with the ma- 
nuye at the tume of planting, or when subsequently applied, as a top-dressing, to 
the growing plants. 


1°. Result of Experiments with saline substances in top-dressing Early American 
Potatoes. Planted 18th April, top-dressed Ist June, and lifted 28th Sep- 
tember, 1842. Low Field, Barochan. The quantity of land in each plot 
was one-cighth of an imperial acre. 


: Cost of 
| Quantity ‘Produce| Produce in | Produce in |dressings pr. 
| Description of ofdressing in pecks| bollsof 5 | tons, &c., | imp acre, 
No. Top-dressing. applied of 35 cwt. each |per imperial] including 
per | pounds |per imperial acre. carriage and 
imp. acre. | each. acre. putting on, 
Ts eee = fob Soe We |e 
cwt. pecks. bolls. — |ins. cwt. qrs.| £. os. d. 
1 Nitrate of Soda....... i, 1 64 16 — —| 1M 0 
2 Sulphate of Ammonia. ii 116 58 14.105 <= | ad SIO 
3 Sulphate of Magnesia 14 106 53 13) 5 =) 0 12 6 
4 Nitrate of Potash...... es 148 74 18, 10. —j 2. 30 
5 ote but Dung..... 40 cubic yds. | 98 49 12) 165) ORO DO 
Sulphate of Soda...... li | 
: } Nitrate of Soda........ 3 | 144 mR 1B: git an flo someced 
7 Sulphate of Soda...... 2 | 80 49 12: 15) OF 1560 
Sulphate of Soda...... 14 > 
8 { Sulphate of Ammonia. H , Ibt 133 Be TE A Re 8 
Sulphase of Magnesia. . 1 
9 2 | Nitrate of Soda ..... 1 { 180 30 er r 90 


ReMARKS.—The soil is a light loam of good quality, subsoil hard, stoney till, and retentive 
of water. The potatoes were planted witn the spade at the distance of 26 inches between 
drills. The manure, farm-yard dung at the rate of 40 cubic yards per acre, spread in the 
bottom of the drills—cut sets laid on this and covered up. (The cut tubers planted were 
the produce of those top-dressed Jast season (see Appendix, page 20). Came away strong 
and healthy, of a dark green colour, and were very remarkabie from the contrast which 
they presented to the same variety of Potato—planted alongside this experimental gtound 
—that had not been dressed last season. These last came away weak, and ofa yellowish 
green colour, and, under the same treatment in every respect, did not produce so good a 
crop by 15 bolls per acre). Nos. 1, 2, 4, 6, 8, and 9, had all the same effect in altering the 
colour of the stems and leaves to a darker green. Nos 3 and7 had not that effect, but No. 
3 added greatly to the produce. No.7 made no visible alteration, but burned the tops se- 
verely at the tume of dressing, as did most of the others this dry season ; this burning was in 
most cases only temporary. 


2°. Results of Experiments with different saline substances, mixed with far in- 
yard dung at the time of planiing, in growing Early American Potatoes. 
Planted 29th April, and lifted 31st August, 1842. The quantity of land im 
each plot was one-cighth of an inuperial acre. 


Cost of Salts! 
Quantity |Produce; Produce Produce used, per 


Description applied per jin pecksiin bolls, of, in tons, | acre, inclu. 
No. of Manure and Salts. imperial (of 35lbs.| 5 cwt. &c., per |ding putting 
acre. each. | each, per acre. on,exclusive 
acre. of Dung.” 
| Pecks. Bolls. |tns. cwt.qra.| £. s. d. 
1 Farm.-vard Dung alone. .|35 cubic yds. 71 Gulia 2 
2 Com Salt,addedto Dung) 2 ewt. 70 35 8 ] 
3 Nitrate of Soda, do. 14 99 492 {12 
4 Sniph. of Magnesia, do. Beit 91 45t at 
5 Suiph. of Ammonia, do. 134 107 5Bf 13 
6 Sulph. of Soda, do. 2 64 32 8 
7 Silicate of Potasht do. Les LE-5) ON Et) 15 


* Dung 5s. 6d. per cubic yard, exclusive of cartage and spreading. 
+ The silicate of potash or soluble glass was directly prepared from caustic potash and 
sand or silex fused together. 
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Remanks.—The soil upon which the above were grown was a subsoil, the upper soil, 
having been taken off at different times. It was trenched two feet deep in the Spring of 
1841, and which had to be done with the mattock, it being too hard for the spade alone, it 
was cropped that season wilh potatoes, manured with 40 cubic yards of compost of weeds, 
cut grass, and half-rotten leaves. It was again trenched to the same depth after the crop of 
potatoes was lifted; and was again planted in the Spring of 1842 with potatoes, manured 
With 35 cubic yards of farm-yard dung, mixed in the proportions stated with the above salts — 
The potatoes were planted with the space, at the distance of two feet between the drills, the 
manure being put in the bottom of the dril/s, the salts sown by the hand above it, and then 
all mixed together with a dung fork. The cut sets were laid upon the mixture, and covered 
up. As was remarked in 1841, the potatoes with No. 3 were eight to ten days braizded before 
the others; also Nous. 5 and 7 were earlier than the others, those three being all fuirly up in 
drills before the others made thetr appearance through the ground. Nos. 2, 4, aud 6 were la- 
test, and very irregular in coming up, and upon examining the drills a few of the sets ap- 
peared to have been burned. There was a marked «dissimilarity in the stems and leaves of 
these potatoes through the summer, Nos. 3, 5, and 7, were all of a darker green colour and 
stronger than the others. No.7 was remarkable for intenseness of colour and length of 
stems, So Muth so that it appeared to be a different variety of potato. No. 4 was fully bet 
ter in appearance than Nos. 2and 6, which were of a yeliowish green colour and had a 
stunted appearance all the season.—When this ground was first broken up, a pound of it 
was boiled in pure rain water and filtered, which was then evaporated, the residue weighed 
44 grains, mostly soluble salts, but hardly a trace of common salt. 


o°. The following experiments were made with the view of determining low 
far economical mixtures might be made to supersede furm-yard manure in the 
growth of potatoes :— 


1°, Account of an Experiment in growing Potatoes (Irish Pink Eyes) with the following 
mixture of substances, instead of farm yard dung, planted 20th April, 1842. 


| Quantity in- | Cost of 
| No. | Ingredients. tended to ma-| Substances 
i H nure four | for 
i < acres. | four acres, 
cwts. qrs. Ibs.| £. s. d. 
; 1 | Rape-dustiqehr «cas dervieiwice hops Del ONO alae al ObeaD 
| 2 | Bones dissolved in Muriatic Acid.; 2 0 0 Dig l 2 ad 
| 3 |Sualphate of Magnesia...... sccmmpelet fee Zed: a ae) 
i 4) Carbonate ofbimnes. 2.5 .. o.0<isererc Say Dia O OF gNeto 
| 5 |Nitvate of Soda...... ase nae Drsicae #0 0 Ww Oi} 
; Gi ComMoniBaltscrasis onwleens see oe Legs GeniO. Ose? 3 
7 (Sulphate of Soda............00e- 1, e230) Dg iD eed 
\ 8. |Sulphate of Ammonia...........| 0 2 0 0 10 0 
; i 9 Sulphur... eves seseeereee sees} OO ae Onwele O 
1 | 10:|Dry Moss-Earth...4:.cease-.02-.]- 6 2 0 
) 20) 20) 6 are 9 


Remarks.—The above mixture was sown in the driils at the rate of about 5 cwts. per im- 
perial acre. ata cost of little more than £1. sterling, and produced a fair crop of potatoes of 
a remarkably fine quality, 43 bolls per acre of imperial Renfrewshtre measure, weighing 6 
ewt. each, upon a poor and light, although new soil, but not worth more than 25s. per acre. 
Great caution is reqnired in using this mixture, as it is very apt to burn the cut sets if laid 
directly upon them. A little earth should be put between the cut potato and the manure. 


2°, The following mixture was made, and lay together for five weeks, when it was sownin 
the bottoms of potato drills upon a poor tilly soil, and White Don Potatoes planted with it 
80:h April, 1842. 


| | 
Beer ta ts | Quantity mixed | Cost of Sub- 
No. | Ingredients. to rien oe one | stances for | 
| acre. one acre. | 
ho ne So eS 
| lewts. qrs.| bush.| £. s. do | 
1 |Saw-dust, mostly from Alder... | 40 | 
2 | Potash & Lime mixed, 14 mos old} 10 Om Tin'G | 
3, Conmsmoan Sale. «;..dalecesencnaslotei* 1 2 Org KSh} 
4 |Snlvphate of Ammonia..........- l 0 | ky aOred 
5 Sulphate of Sodas voc. ove ccnere 0 2 Oo» 3B 6 
6 |Sulphate of Magnesia........... eee) ae | Or a0 
7 |Coal Tar, 20 gailons, say....-... [a SSSese] 0 Ww oO 
—_—— eS SS 8 a 
i | 3 2 5 2, ro heid 
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Remarks.—The potatoes planted with the above mixture came quickly fhrough the 
ground, and were very luxuriant in foliage. They were lifted 15th October, after being cut 
down by frost whilst still unripe and growing. On being taken up, they were found to yield 
a produce o! 56 bolls of Renfrewshire measure, weighing 5 cwts. each, per acre, of very 
fine potatoes, many of which weighed from 24 to 3o oz. each. 

N. B —This mixture, after being put together, fermented, and was frequently turned, but 
kept dry. 

The several series of experiments made upon potatoes by Mr. Fleming are 
deserving of careful consideration, and many of them of judicious repetition. 
They are all well contrived or devised, and each series skilfully arranged. 

In agricultural experiments it is of the greatest possible consequence that the 

ractical man should have a clear and definite object distinctly in view. If so, 
nis experiments may be signally successful in his own estimation, while, eco- 
nomically considered, they may be total failures. This, as we have seen, was, 
to a certain extent, the case with the first series of experiments made upon Lord 
Blantyre’s farm, as above detailed (p.42). The applications in some instances 
lessened the crop, but the result, nevertheless, threw considerable hght upon the 
questions which the trials were intended to solve. 

In making an experiment, the practical farmer asks « question of nature ;—in 
arranging the form and details of his experiment, he is putting together the 
words by which his question is to be expressed. If his question be clearly put, 
nature will give him, sooner or later, a clear and distinct answer—if he have 
skill enough in nature’s language to understand what she has said to him. I 
say, sooner or later, for it may be sometimes necessary to repeat the question, 
either because something has intervened to prevent nature, so to speak, from 
hearing his question,—because it has not been accurately expressed—or because 
something in the seasons, or otherwise, has prevented her answer from being 
clearly understood—perhaps from being heard or read at all. Circumstances 
may even prevent the answer from being given until a second summer come 
round, when, if we are not on the alert, it may never be received at all. 

The above experiments, as well as those which follow, form an excellent 
study for the practical farmer in reference to this matter. Every series is plan- 
ned with a view toa given end, the circumstances are carefully noted before, 
during, and at the close of each of the several trials, and the answers are re- 
corded with a very praiseworthy degree of accuracy. I shall place together, in 
one view, the most important of the deductions to which the experiments of 
1842 appear to have fea when I shall have laid before the reader the whole of 
the tables which have as yet been placed in my hands. 


C.—EXPERIMENTS UPON BARLEY. 


The object of the following experiments, also made by Mr. Fleming, was to 
ascertain the relative effect of different saline substances, when applied, as top- 
dressings, to a crop of white barley. 

The results, as shown in the last column, are sufficiently interesting. 


Results of Experiments with various substances used as top-dressings upon 
Barley (common white). The Barley sown 14th April, top-dressed 6th 
May, and cut down 25th August, thrashed, cleaned, measured, and weighed 
5th October, 1842. The quantity of land in cach plot was one-eighth of an 
imperial acre. 


Remarks.—The sail of this field is a light loam, as nearly as possible uniform in quality 
and had lain abont ten years in pasture previous to the spring of 1842, when it was all 
trenched with the spade twelve inches deep. It had been thorough-drained with tiles some 
years before breaking np. After being trenched, it was dressed over, except where the ex- 
periments were, with two chaldrons of lime per acre, slaked with water, in which common 
salt had been dissolved, and before sowing the barley, with the exception of the experiment 
ground, it was top-dressed over with two and a half cwts. of Turnbull’s artificial guano per 
acre, harrowed in, as was also the top-dressing No. 3 in the table of experiments. The bar- 
ley was sown broadcast, 24 bushels per acre. Owing to the extraordinary drought at time 
of sowing, it did not braird well till rain came ; after which it made rapid progress. Advan- 
tage was taken of heavy rains to put on the top-dressings, all of which were sown at the 
time above etated, viz., 5th May, except No. 4, wiiich was not sown till the 17th, at which 


- 
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. Ze i/ES Leos a. ZG clog ao Ls 
RovEn Hitt Fie_p SEle2es Eft Ee as 5 SH 
No, Description Pele slea” S/S TlSee] sy BES 
of Tup-Dressings. Semel cl Betlac Ste gut | 
Exlrsoie Sclseeloce| 2g | sea | 
ISFSEsqsseessere| Sf | Gab 
ce Ibs. Ibs. Ibs. | Ibs. | s. dd. |bush. lbs. 
Nitrate of Soda............-|10 2:0 
1} Common ya Secu saenees i ‘ 1821 | 364 500 56 O 24 { b2 0 
rl Sulphate of Soda...... eroees(2l ? eo | L6 
2 Sulphate of Magnesia........|] 75 1633 | 378 491 59 | 9 54 ( 54 54 
8 |Natural Guano, at 25s..... --/42 | 2192 | -432 589 54 19 7 64 0 
4 |Nitrate of Potash...........-|14 | 1665 | 265 590 54 13 6 42 
be | omimon Salesian ss. <5 cess acs 42 11735 | .378 495 57 |0 6} 53 3 
IG AINOLHIN Die tee vies ecsie'e eels oi — | 1620} 32 425 55 | —— 47 15 
7 |Turnbuil’s Artificial Guano../42 | 1925 | 334 480 54 138 0 49 26 


time there wus little rain, and, in consequence, it burned the plants, of which they did nol re- 
cover all the seasun, and the ground got full of weeds. No.5 burned the plants also, but 
they recovered quickly, and gave a good return, As was remarked before, wherever common 
sult was put on as a top-dressing on grain crops, either uf wheat, barley, or oats, and on what- 
ever description of soil upon this estate, the grain was invariably heavier per bushel, and had 
fewer weaks or tails in lee to the quantily of grain per acre, than any of the other 
dressings applied here. ¥rom the frequent.mention of spade culture in these experiments, 
Many may consider that they were upon a very small scale. which is not the case, the 
grealer proportion of them being very extensive. Mr. Fleming, to give employment to the 
destitute labourers, having dug and trenched about thirty acres of land instead of ploughing 
it, which accounts for the frequent mention of spade culture, which, when it can be got ex- 
ecuted at a moderate rate (particularly trenching at £4. per acre), is very advantageous, 
and seems superior to trench ploughing. A. F. GARDINER. 


D.—EXPERIMENTS UPON OATS. 


The first of the following series of experiments was made at Lennox-Love, 
at the request of Lord Blantyre, the second at Barochan, under the direction 
of Mr. Fleming. The general object of both was the same—to ascertain the 
relative effect of different saline suistances applied as top-dressings upon young 
oats; but those of Mr. Bleming have, besides, the special object of ascertaining the 
effect of certain mi.ctwres wpon oats when grown upon mossy land, 


1°. Oats, second crop, after old lea. Soil sharp loam; subsoil clay resting on sand-stone 
rock. Oats sown 14th March; top-dressings applied 13th May; crop cut 27th Aug.; and 
thrashed 9th Sept., 1842. The quantity of lund in each plot was one-eighth of an imperial acre. 


MANURES. |%& Weighttaken fiom] .| a oy 
-—————|5=  Thrashing Millof|Z5| o i$ % |aa 
Quarry Park, WAS tee acs 2BEig jae lie 
Lennox-Love. a ag ei. ned FE SAR KH 2 ICA : 
No. Pca pele SEjae| ce 15F lon | 
Description of el Seen eSj2a Bs ae |8s 
Dressing. 3 |S lak. 2 || leoleel Es [Soslf og 
Sa | 2 feok o Pel & |S ElSA) SX [SLES o8 
@z |/O Fb ga 6 |O8,H OSlFs| Os [Sco acs 
los s.d.}_Jbs. Ibs. lbs.| 1bs.| tbs.| Ibs./bushs.)/bush. /bush 
1 |Nothing...... esses) a — | 672 264| 8 | 362] a8 | 393) 6-75 | — | — | 
2 |Common Salt....... 4 | 04} 588 939] 13 | 323] 13 | 401 6-00 | — | 75 
Common Salt....... 7 all io, =e pt: i 
3 Rape-dust ....... sree 113¢ 7 Ol 644 236) 24 | 328) 6 | 40 | 5°95 80 
4 |Nitrate of Soda...... 14°] 31, 588 205} 2: | 276] 86 | 393) 519 | — | 1°56 ; 
Nitrate of Soda...... 7 7 > 
5 Rape-dust...-......| 1135 87) G16 231} 17 296) 72. | 40 | 5:56 119 ; 
Nitrate of Soda. .. 9 FB a1 4 te 
63 iSuiphate of Soda....| 7 | 29} 804 187] 128] 266) 393) 39 | 481 194 | 
7 |Sulphate or Becet. = 14 | 10} 504 Iss} 11 | 249] 56 | 3941 482 | — | 1-93 , 
Sulphate of Soda .. 7? a 2 S Be 5 Lor 
8 ) Raje-dast bXipdatdcine 1126 7 5) 672 263) <0 | 365) 34 | 403) 6-56 sa 
Sm Rape-dast sce sc ke + < 224° 114 0} 616 204) 26 | 324! 42 405 5-62 — 1-13 
YormiGaanas 2... 22 SA be 28 | 50) 938 351] 30 | 496) 61 | 404) 875 | 2:00 _ 
ll |Soot.......2.. 2+... [4 bush. | 4 0f 5382 193] 11 | 269] 59 | 372] 512 | — | 1-63 
( |Waste water from gas) ? 
122|work diluted with 4) > 6galls.| — | 700 273) 15 | 390) 22 | 393) 7 00 ao 
{? |timesitsbulk of water! | | 3 
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2°. Results of Experiments with various eubstances used as top-dressings upon Oats (Sandy 
Oats), sown 16th April, upon drained peat moss. Nos. 2, 3, and 5 tup-dressed on the same 
day; No.1 dressed 6th May, cut down l4th September, and thrashed, cleaned, and 
weighed 6th Oct,. 1842. The quantity ofland ineach plot was one-eighth of an imperial acre. 


. (ef (Serle a jot ey 
rey | = [es fezsles 22 | 2 |e | 
oa ve = Sisa ag 6 ag 
a= Sal = a= cae a 
| SHAW PARK FIELD, BAROCHAN, & |& wma?| a [2 a 28 
No. * les s=2l/ee [ee 5 35 
| Description of Dressing. | a ee oe ss BES 
| & [mFemselaceths oS | 84e 
| PS MW sSiSleis Ss siamese! SB Ps. 
| | @ BSaBBSsesiss| o | eza! 
[a ee ee ee eas ae oes s. 
gi on f hae i. Ibs. | Ibs. | Jbs. | Ibs. | 8. d. |bush.lbs 
Sulphate o Mmonla........- Ss. < 
x WOME, soos. = ccs, Re cake = (Digan: {1105 270 | 420} 41 2 6 | 52 18 
Sulphate of Soda.............+/21 lbs. = 
2} INitrate of Soda, Ae Re Be soe 94 Ibs. f 1220/ 305 | 450) 40 j : { 61 
3 |Bones dissolved in Muriatic. 
ACID oo oie e eee e eee eee eee oo 42 Ibs. 1340} 320} 490} 42 3 6 | 60 40 
& conne ese ese = ifsc Tess | 960| 210! 320] 39 43 45 
Sulphate of Ammonia......... 7 Ibs. |) fla) 
Silicate of Potash....... -/14 Ibs. { cowl 
5 ace of Saday.. .if..a-.'s ah | labs, 1606; 350 | 620) 43 |{1 25165 5 
Bones dissolved in Muriatic | | 
Hl iee< te ereereeniry 14 Ihs. ory, 


TS a Sn eee ee ee 

ReMaRkKs.—The soil upon which the above were grown is moss, rather deeper in some 
parts than others, incumbent upon gravel ofa stiff retentive quality. It had been partly 
drained some years ago, but owing to the nature of the soil the drains did not act well. In 
the spring of 1842, it was again drained with tiles, and trenched over with the spade to the 
depth of 16 inches, and some of the gravel subsoil brought upamong the moss. The ground 
being divided into lots for the purpose, the top-dressings Nos. 2,3, and 5 were sown on the 
16th April, and slightly harrowed in; the oats were then sown and harrowed in- No. | was 
made from 160 lbs. sulphate of ammonia dissolved in 100 galls. of water (proportions for an 
imperial acre), and sprinkled upon the oats during the time of rain on 6th May. No. 5 was 
sown upon a lot where the moss was fully the deepest. They all brairded well; Nos. 2and 
5 coming rather earlier than the others, and of a darker colour, parlicularly No. 2. No. 1, 
after being watered with the solution, became also of a darker green, but neither Nos. | nor 
2 were so strong in the strawas Nos. 3 und 5, both of which were remarkable Sor strength and 
luxuriance, especially No. 5, which kept the lead of the otheis all the season. 


E.—EXPERIMENTS UPON WHEAT. 
The following three Experiments upon wheat exhibit very interesting results : 
1°, The first series was made on the home farm of Lord Blantyre at Lennox 
Love, and was intended to ascertain the relative effects in that locality of differ- 
ent, chiefly sacine, manures applied as lop-dressings to spring wheat. 


e 
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MANURES. Weight taken from/o . 


‘ “ an S| 
| ———_—_|3= |Thrashing Millof |G 2/8 [as |E8 
= . 3s) & co n 
: . [28 = Boa} a ee lee 
} Lennox-Love. Touileas Sats Rt [ee -~2 158 
t 2 S a) rtloDl oO oe 
INo. A Se SB la SEES oe clas 
Description of Bel [sel aan eal BS 6\22|/ 23/8. |es 
| Dressing. 22 =e =e att od! = lelee| SE (s=elS 2 
23 | 2 SoS § [Fe] & |EElER| 8° [5Ss/8 85 
OS | F261 4 [SE] H [Ss 5| OS lSea0esG 
| Ibs. {s.d.! Ibs. | Ihs.] Ibs.| lbs | Ibs.| Ibs./bushs.| bush. |bush. 
!1 |Nothing............| —° | —| 1036 [365 | 10 | 507/154 , 613| 5-956) — | — 
{2 |Common Salt.......) 14 | 0 4/ 1003 '349-| 20 | 547} 92 | 614] 5-750] — | 206 
133 en a a8 | 1194 7 0| 1143 356 | 174 610]1343] 614/ 6-250) 29 | — 
\4 Nitrate of Soda......, 14 | 3 1) 1120 3633] 203] 595]1382) 603) 5970] -ol4 | — 
ls abt Fee eae Pie Wet 8 7| 1176 394 | 173| 648|1164] 61216375} 419) — 
Nitrate of Soda. ...| 7 al|ls ’ 4 
163 iSulphate of Soda... 7 | 2.0} 1078 364 | 12 | 595/107 | 603] 6-000| ov} — 
|7 Sulphate of Soda....| | 14 | 1.0) 896 2362] 11 | 4931154] 60 | 4-750) — |1-206 
125 menage Foo ee 113 7 5! 980 3391] 103) 514/1163! 61 | 5562] — | -304 
9 |Rape-dust......... | 224° [14 0; 1106 399 | 14 | 575/116 | 621! 6-381] -425] — | 
b | i 
10 |Guano.......... 5 0| 1092 367 | 14 | s66|145 | 61!) 6000] -O4a | — 
ee 4 0) 1926 361} 14 | 564] 97 | 604 5-939} — | -o17 
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Remarxs.—Spring Wheat after Turnips, South-Lawn. © Soil loamy clay ; subsoil clay 
Drained every furrow before breaking up from old grass in the autumn of 1839; ploughed 
deep and subsoiled in spring of 1841. Wheatsown 5th February, 1842; manures applied 13th 
May; crop cut 24th August; and thrashed 10th September, 1842. The quantity of land in 
each plot was one-eighth of an imperial acre. 


2°. The object of the second series, made at Barochan, was to ascertain the 
relative effect of certain mixed, chiefly saline, manures applied as top-dressings to 
winter wheat. ; 
Results of Experiments with various substances used as top-dressings, upon Winter Wheat. 


Dressed 9th May, and cut 7th September, 1842. The quantity of land in each plot was one- 
sizteenth of an imperial acre. 


2 Bea Ses : eq) om 
[2 ze2se, 8] & | 2E 28 
CROOK’S FARM, | Q aalsF2|ao Pel g ° z @ = 
BAROCHAN. 2 Be (bo! Olah 2 oa 
No. [Sees ease ules! “2 | Sea iemem 
Descriptionof | B= SEL S5El|nsyloe| Cc bo 122 
Top Dressings. | 2S \GclS"clees@c| © | So, Se 
Ba jase. wos als “ Sogo SEs 
Sto jf cle afl ccies 6 see (28 
Qs Presse ass rs Cine oleate 
Ibs. | Ibs.| ibs. | Ibs. |Ibs.| 8. d. |bush. Ibs. | Ibs. 
Nothing ........... | — 400} 95 | 160 61 0 0 24 56 2560 
1 |Natural Guano......| 21 540; 115 | 280 | 60; 4 4%] 380, 40 | 3680 
2 |\Turnbull’s Artificial | siete, | 
Guano % ose 21 420| 95 | 175 |} 61,| 1 8 24 56 | 2 
3 [Common Salt......) 21, | 360) 80 | 160 | 624] 0 4 | 21 2 | 2400 
Sulphate of Soda....! 1 0 8 cee 
43 Nitrate of Soda..... Br 480) 101 | 190 | 61 sy Df 26. ,100 | 3040 
Common Salt.......} 21 ” 0 4 ons 
5) |Dissolved Bones. ... a il 90 | 170 | 68 : r\ 22 bd | 2720 
Rape-dust....... ...| 39 3 | $2 2 OY, 
6 Sulphate of Magnesia} 5+ 5 | 510) 0. | 200 | 62) 55 6 #8 24 | 3200 


Remarks.—The soil is a heavy loam, incumbent upona deep clay. The wheat was sown 
at the end of November, 1841, aftera crop of yellow turnips. The turnips were manured 
with 20 tons of town dung per acre. Owing to the severity of the winter of 1S41 and spring 
of 1842, the plants were very thin upon the ground. In April, 1842, it was sown down with 
grass seeds, harrowedand rolled, after which it tillered and gradually recovered. At the 
time the dressings were put on there was rain, but in general zt was dry weather after, and 
in consequence the top-dressings did not produce such great results as they did in 1841. The 
field was examined from time to time, and the appearance of each experiment as noted 
down is fully borne out by the results given in the table, viz. :—No. | was taller in the straw, 
longer in the ear, and of a darker green colour than any of the others; No. 6 was ne¥t, and 
No. 4 was third. In point of appearance there was in the others no perceptible difference 
from the general crop, except No. 3, which appeated to have checked the growth of the 

Jants, and from this check they scarcely recovered allthe season. It is however remarka- 
bie that wherever common salt was applied the grain was heavier per bushel. /? will be 
observed, with reference to the experiment upon wheat grown on this land last year, that the 
application of common salt had a very great effect, and would probably have also benefitted the 
general am this year, had it not been for the extraordinary drought of the season (see Apen- 
dix, p. 17.) 


3°. The object of the third series, made by Mr. Burnet, of Gadgirth, nea 
Ayr, was the same as those of Mr. Fleming. The mixtures employed, how- 
ever, were different, and the tabulated results are at least equally interesting, 
and satisfactory. 
Results of Experiments with mixed Mannres used as top-dressings upon Winter Whea 


(Eclipse variety), sown 29th October, 1841, and reaped 15th August, 1342. Zhe quantity 
of land in each plot was one fourth of an imperial acre. 


The soil a loam, with subsoil of clay; tile-drained and trench-ploughed. Had been in 
beans the year previous, and had no manure with that crop nor with the wheat, except the 
above applications, harrowed in in spring. No. 6, at a cost of £2. 4s., has produced an in 
crease over No. 1 of £6. 19s. 3d. being a gain of £4. 15s. 3d. 


nia 4ewt.. Sulph 
of Soda 4 cwt., 
& Wood-ashes 1] 

earaeslais(aaiele/® 11 0 183) 70 92/62 83) 60) 13 | 49 6/17 4/6 3/16 9 |2 16) 81 
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F.—EXPERIMENTS UPON PASTURE AND OTHER GRASSES, 


I. Experiments made by Mr. Alexander, at Wellwood, in 1842. 


A. On crops of meadow and rye grass hay. 


1°, One Scots acre of well-drained mossy meadow, and full of timothy grass, 
was top-dressed during the last week of April, with 1 cwt. improved bones, } 
ewt. glauber salts, $ cwt of charcoal, all well mixed with ashes. Restrt.— 
Crop much improved, and came to 180 Ayrshire stones (of 24 lbs.) per acre. 
I may mention that this meadow suffered generally much from the severe 
drought; the above kept its growth best. 

2°. One Scots acre of well-drained mossy meadow, full of timothy grass, was 
top-dressed during the last week of April, with 1 cwt. of artificial guano, 12 
bushels of humus, well mixed with a quantity of ashes. Resuir.—Not so 
good more affected by drought; crop 160 stones per acre; the rest of the un- 

ressed meadow land, on an average, 140 stones per acre. 

3°. Three acres of rye grass hay, upon a very light sharp soil, was top-dressed 
during the last week of April, with 3 ewt. of artificial guano, 24 cwt. of improved 
bones, 1 ewt. of charcoal, all mixed with a quantity of ashes. Resur.---I can- 
not pronounce that the hay on the three acres was increased in bulk; the crop 
was a light one on the whole field, owing to the severe drought, and the very 
dry nature of the soil this season, therefore, gave this experiment no fair trial, 
I would say, however, that I have rarely seen such an appearance of white 
clover since the hay was cut, and particularly on the dressed land, 


56 EXPERIMENTS UPON PASTURE GRASS, [ Appendix, 


B. On pasture grass. 


Three years’ old lea, The extent 2 acres 3 roods Scots measure, divided into 
three equal parts, and the manures applied during the last week of April. 

No. 1. Dressed with 4 cwt. of ammoniacal salts, 1 cwt. of sulphate of soda 
(glauber salts). 

No. 2. Dressed with 3 cwt of ammoniacal salts, 4 cwt. of glauber salts, + cwt, 
of common salt. 

No. 3. Dressed with } cwt. of ammoniacal salts, 3 cwt. of glauber salts, } cwt. 
of nitrate of soda. 

Resutts.---Nos. 1, 2, and 3 were much alike; in all the three cases the vege- 
tation was quickened and improved; but, as is always the case with experi- 
ments on pasture, unless the cattle were kept off for the whole season, and the 
produce cut, it is not easy to say how far the above application went to improve 
the grass; but certainly the small field did wonders---for it pastured fifteen early 
calves nearly all the season. 


II. The following carefully conducted series of experiments were made by 
Mr. Fleming, of Barochan, with the view of determining the relative effect of 
saline substances wpon the weight of the hay crop, on the field where the experi- 
mental wheat of 1841 was grown :— 


Result of Experiments tried upon sown Grass, cut for Hay on 30th June, 1842, Crook’s 
Farm, where the Wheat grew in 1841. (See preceding part of this Appendix, p. 19.) 
The quantity of land in each plot was one-sizieenth of an imperial acre. 
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REMARKS.—Nods. !, 2,3, 4, 5, and 8, were all dressed on the 9th of April, the weather be- 
ing very ary at the time, and their effects were hardly perceptible ; butin the last week of 
April Nos. 3 and 4 showed an improvement over the others. We had heavy rains the first 
week of May, and by the 7th of May the nitrate of soda (No. 3) could be seen at a distance by 
the alteration of the colour to dark green, and its height above the others; upon that day 
Nos. 1 and 2 showed no visible alteration from the undressed. No. 3 was the best of any: 
taller, and of a dark green colour, and thicker swarded. No. 4 showed little or no alteration 
in colour, but was fully longer than the general crop, and presented the remarkable appearance, 
as did No 1, in being nearly all Festuca Rubra, with hardly any rye grass, although of this 
grass, viz. (Festuca Rubra), none was sown ; the field having been sown with rye grass, tim- 
othy, and red clover. No. 5 darker than No. 4 inthe colour, and good; but No. 8 hardly im- 
proved. Nos. 6,7, 9, and 10, were dressed upon the 7th of May. The men in ploughing up 
the stubble of 1841 found that the ridges which were top.dressed that season with nitrate of 
soda, were more difficult to plough, from the strength and depth of the grass roots, than the 
ridges undressed, each alternate ridge only having been dressed. 

Prices of Manures.—Sulphate of soda, 7s. per cwl.; Nitrate of soda, £1. per ewt. ; Natu- 
ral Guano, 25s. per cwt. ; Artificial Guano, 8s. per cwt.; Silicate of Potash or Soluble Glass, 
lbs. per cwt.; Sulphate of Ammonia, £1. per cwt. 
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G—EXPERIMENTS UPON MIXED CROPS. 


The following interesting experiment was made by Mr. Alexander, for the 
purpose of ascertaining the effect uf a mixture of gypsum and common salt upon a 
mixed crop of oats, beans, and peas :— 

Result of an experiment upon the effect of gypsum and common salt, applied 
as a top-dressing at Wellwood, Muirkirk, 1842. 

Four Scotch acres of strong soil, bordering on clay, broken up from two-year- 
old pasture, were sown with oats, beans, and peas (which is called in Scotland 
masilem, and is a first-rate fodder for dairy stock). “They all came well up, but 
worming and other causes injured the crop so much that | had serious intention 
of ploughing it up, and sowing turnips. Instead of doing so, I top-dressed the 
whole four acres with the following substances, well-pounded and mixed to- 
gether, and this being done immediately before copious rains, the mixture was 
washed into the soil :—12 ewt. gypsum (from Turnbull), which, with carriage, 
cost 8s.: 4 ewt. common salt, which, with carriage, cost 8s. ;---this and the 
gypsum, l6s. Cost of top-dressing, 4s. per acre. 

‘The effect was like magic; the plants immediately assumed a deeper green 
colour, and grew wonderfully, and this field took the lead of all my other oats, 
and when reaped the field generally was the best I had. Oats, beans, and peas 
were all particularly well filled. I may state further, that after the dressing it 
stood the severe drought better than any of my other crops. Wellwood is 23 
miles from the sea, and 550 feet above it. 

From other experiments which I had before made, but which I shall not fur- 
ther enter on here, I am convinced that common salt is a great auxiliary in that 
locality (if not to most others distant from the sea), and it ought to be far more 
extensively used. 


H.—EXPERIMENTS UPON BEANS. 


The following experiments were made by Mr. Alexander, of Southbar, at his 
farm of Wellwood, in Ayrshire, with the view of ascertaining the relative appa- 
rent effects of different saline top-dressings upon beans at different periods of 
their growth :— 

[experiments made at Wellwood upon a crop of beans (1842). 

The ground was manured, previous to sowing, with 15 tons of farm-yard 
dung per Scotch acre, and the other manures applied when the beans were about 
two inches high (they were sown in broad-cast). The extent of ground was 24 
acres Scots measure, divided into four equal proportions. 

No. 1. Dressed with 3 cwt. of sulphate of soda, 4 cwt. of nitrate of soda. 
Resvu_t.—The effect of the dressing was seen soon after application, by deep- 
ening the colour of the plants. The beans were deficient in straw, but remark- 
ably well podded and filled. , 

No. 3. Dressed with 4 cwt. of sulphate of soda, 1 cwt. of gypsum. Resuur.|/ |, 
— More straw than the foregoing, and rather better crop. 

No. 3. Dressed with } ewt. improved bones, } ewt. artificial guano, 3 bushels 
‘Turnbull’s humus. Rescir.—About the same as No. 1. 

No. 4. At first not dressed; but, in consequence of being weakly, was after- 
wards top-dressed with 3 cwt. of gypsum, and 1 cwt. of common salt, done in 
consequence of the highly beneficial effect produced on the four acres of mashlam 
erop above alluded to. Resutt.— Though done so late that the beans were already 
coming into flower, it helped them much, and they ended as-well as any of the 
above. It may here be remarked, that all the beans were, particularly for that 
high district, heavy, being on trial soon after mowing 65 to 66 lbs. per bushel. 


> 


I. Observations upon the effect of the top-dressings applied in 1841 upon the crop 
of 1842. 


The following remarks are quite as interesting as any thing contained in the 
numerous experiments made this year at Barochan by Mr. Fleming’s skilful 
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overseer. They are, I believe, the first systematic series of observations of the 
kind yet published. They are valuable, therefore, as the first sieps in the line 
of prolonged observations upon the same land made during successive seasons, 
by which prolonged observations only can we hope to eliminate the effect of 
our variable seasons, and to arrive at true deductions in regard to the kind and 
amount of effect which this or that manure is fitted to produce. 

I do hope that Mr. Gardiner, who is capable of observing so well, and of 
experimenting so accurately, will not lose the opportunity which the preseat 
year will afford him of continuing these important observations :— 

1°. Top-dressings upon hay, Covenlea field “see Appendix, p. 17). On 
looking over this field at different times, and particularly early last spring, the 
square on which nitrate of soda and bones mixed had been sown was earlier, 
and of a darker green colour, than any of the rest of the field, and when stocked 
with cattle, the portion top-dressed was more relished, and consequently always 
eaten quite bare. 

2°. Upon part of the pleasure-ground—soil a very stiff blue clay—nitrate of _ 
soda was sown at the rate of 160 lbs. per acre. After this application white 
clover came up very thick and strong, and it was cut three different times with 
the scythe, and each time it came up stronger and thicker than the surrounding | 
grass, whilst, before dressing, it was the weakest, and this season, 1842, it is 
better, and the portion dressed still easily distinguished. 

3°. The field at Crook’s farm (see Appendix, p. 17), which had been top- 
dressed with nitrate of soda applied on each alternate ridge, on being ploughed up 
from hay stubble was found tougher upon the dressed ridges, the grass roots 
being stronger and deeper in the soil of those ridges which had been dressed. 

4°. At p. 21 of this Appendix an experiment upon moss-oats is recorded. + 
This was sown down with a mixture of grass and clover seeds, and cut for hay _ 
this season, 1842. In examining the hay crop some of the dressings on the oats 
of last year seemed to have had a good effect on the hay crop of this year. Nos. 
1 and2 were the worst of any; No. 3 very little better, rather more clover; No. 
4 excellent, very thick of red and white clovers anc rye—-grass, and the hay was 
of a good quality; No. 5 a little better than No. 3, but far from being equal to 
No. 4; No. 6 the best of any, full of red and white clovers and rye-grass, and 
had three-fourths more hay upon it than all the others, except No.4; No.7 not 
better than the undressed; Nos. 6 and 4 presented a most remarkable appearance 
compared with the others, and any person seeing them, and not knowing the 
circumstances of the case, would have said that these two portions only had 
been cultivated, whilst the resthad been left in a state of nature. After being 
cut for hay, the aftermath of these two portions still presented the same difference 


of appearance in the sward, and they continue of a better colour. 
A. F. Garpiner. 


GENERAL REMARKS ON THE ABOVE EXPERIMENTS OF 1842, 


However valuable the above experiments may be, and however interesting 
the results to which some of them may appear to lead, it is of importance to 
bear in mind— 

1°. That they are the results only of a single season, and that a remarkably 
dry one. 

2°. That they show the effect of the substances employed in certain localities 
only—the localities differing in the nature of their soil—in their distance from, 
and height above, the sea—and in the average fall of rain to which they are 
subject. 

3°. That the results are obtained by trials upon certain varieties of each crep 
only, and may not be obtained even on the same spots with other varieties—of 
turnips for example, of potatoes, oats, wheat, or barley. 

4°, And that other causes, not yet noted, may have existed of sufficient in- 
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fluence to prevent the exact results from being obtained upon a repetition of the 
experiment. : 

5°. Above all, it must be borne in mind that we are yet in the first infancy of 
accurate experimental agriculture—that it will take many careful repetitions of 
our experiments before we can eliminate the effects of the seasons—of the alti- 
tude of our farms, their distance from the sea, the falls of rain to which they 
are subject, and the kind of soil of which they consist. In the mean time our 
most careful deductions must be considered as partial only, and as open to doubt 
—as facts by the combination and comparison of which we are hereafter to ar- 
rive at more general truths. 

With these preliminary observations, I turn to the experiments themselves— 

A.— Tie experiments upon turnips. 

The first series, those of Lord Blantyre—exeept the general answer that saline 
substances cannot replace farm-vard manure—afford no very satisfactory results. 
They exhibit, indeed, some suiking circumstances—such as 

1°. That 100 lbs. of salt per acre may, in a dry season, reduce the natural or 
unaided produce of turnips one-ha!f—and that the same weight of nitrate of soda 
may reduce it one-fourth. 

2°. That in such a season as much as 16 ewt. of rape-dust per acre may be 
applied, one-half drilled in, and one-half as atop-dressing, without producing any 
sensible benefit. 

3°. That the same may be the case, if eight cwt. of rape-dust be drilled in, 
and half a cwt. of nitrate of soda be afterwards applied as a top-dressing— 
while if the same weight of common salt be used as a top-dressing instead, 
the crop will be increased one-half. 

These results’ are too anomalous to be considered for the present as more than 
accidental. ‘They may possibly be explained either by the different degrees of 
moisture of the several parts of the field in which the mixtures were applied— 
or on the supposition, which is very probable, that in the concentrated state 
some of these suline substances ure more hurtful to the growing plant than others. 
It is to be regretted that the season was so unpropitious to this series of experi- 
ments, for though the following experiments cf Mr. Fleming afford some valuable 
information, further knowledge still is wanted in regard to the relative effects of 
different saline substances upon the growth of turnips, where no fermentible ma- 
nure is applied. 

4°. In these experiments, a striking contrast is presented between the effects 
of rape-dust and those of guano. 16 cwt. per acre of the former gave only 3% 
tons of turnip bulbs, while 2 ewt. per acre of the latter gave 5 tons. It appears, 
therefore, that rape-dust requires nioist weather or occasional rain, while guano, 
even in very dry seasons, will produce a considerable effect. "This is consistent with 
what we know of the employment of the latter substance as a manure on the 
arid plains of Peru. 


Il. The next four series of experiments, those of Mr. Fleming, are rich in re- 
sults and suggestions. 

1°. Limits of error—The first observation which a careful examination of 
them will lead the reader to make—and it appears to me to be a very important 
one in reference to all future experiments of this kind—is suggested by the se- 
cond series—those upon early yellow iwrnips, p. 44. 

In this series there are included two plots (Nos. 5 and 18), upon which no 
manure was used. Upon one of these the produce amounted to 12 tons 17 cwt., 
upon the other to 11 tons 8 ewt. only—being a difference of 14 tons, or one- 
eighth of the whole. This difference between two equal portions of the same 
field, apparently similar in soil, could scarcely, I think, have been anticipated, 
and it shews that—where the produce oblained by the application of two unlike 
manures, to this turnip crop, docs not differ more than 1} tons per acre, the effects 
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of the two manures may be considered as practically equal—since this amount of 
ifference may have arisen from the unlike qualities of the two plots of land, to 
which the manures were respectively applied. 

This is an important practical rule for enabling us to judge accurately in 
regard to the true effect of the several manures employed in the series of experi- 
ments (p. 44) referred to, but the fact itself suggests also an important modifi- 
cation in the mode of conducting all similar comparative experiments in future. 

In my previously published Suggestions, I have recommended the setting 
apart of one undressed portion only of the field on which the trials were made— 
considering that the produce of this portion would represent the average fertilit 
of the whole undressed part of the field) But these experiments of Mr. Flem- 
ing seem to shew that this opinion cannot safely be entertained. It appears to 
be necessary, therefore, in all future experiments from which accurate deduc- 
tions are intended to be drawn—that lavo undressed plots, at least, should, in each 
case, be measured out, and their relative produce ascertained, in order to afford a 
trust-worthy average of the unaided fertility of the Jand. 

Suggestion I—F or the clearing up of this point, however, it would be very 
desirable to institute a series of weighines of the produce of equal portions of 
land, in several different parts of the same field, the whole of which has been 
tilled and manured in the same way. This would throw some certain and sat- 
isfactory light upon the amount of variation which, from natural causes, may 
take place in the same crop, grown upon different parts of the same field, and 
under the same circumstances. We should thus be enabled to allow for the 
influence of natural causes upon the results of such experiments as are made, 
with the view of determining the true action of the different manures we apply. 

Suggestion IT—But if some slight difference in the soil, which the eye cannot 
detect, be capable of materially affecting the natural produce of the unmanured 
parts of a field, it may also be sufficient to modify—that is, to increase or to 
lessen—the effects produced by the saline and other manures we apply to the 
different parts of the same field. It suggests itself, therefore, as the more pru- 
dent and wary course of experiment to dress two plots at least with each of the 
manures whose relative virtues we are desirous of testing, and these in different 
parts of the piece of land upon which our trials are made. The mean produce 
of the two or more plots we thus dress, compared with the mean produce of 
those to which no dressing has been given, will indicate more nearly the aver- 
age effect of the manure we have been trying, upon the given soil and crop. 

‘The reader will perceive in the new precautions thus indicated, one of those 
practical results which year by year will necessarily flow from the continuation 
of the train of inductive experimental research, now, I hope, fairly entered upon 
by the practical agriculture of our country. 

2°. Guano.—Among the other experiments upon turnips here stated, those 
upon guano are the most practically successful. Thus, per acre, without any 
farm-yard manure 


3 cwt. of guano alone gave 23 tons 8 ewt. of Swedes : ; (p. 44)- 


5 ewt. of guano with 
20 bushels ve aoe eashee 32 tons 2 cwt. of Early Yellow 3 (p. 44). 


5 cwt. of guano alone 32 tons 15 ewt. of White Globes : (p. 46). 
34 cwt. do. 20 tons O ewt. of Yellow § White mixed (p. 46). 
3k cwt. do. 28 tons 0 cwt. of Purple-topped Yellow (p 47). 


These results are very gratifying, since they seem to shew that for the turnip 
crop this light and portable manure may be substituted with safety for farm- 
yard dung. But they are more gratifying in connection with the large reduction 
which has lately taken place in the price of this substance. In none of the 
cases above mentioned did the quantity applied exceed 5 tons per acre. This 
quantity may now be purchased for three guineas, though when these experi- 
ments were undertaken it cost £6 5s. 

It is no small matter of congratulation, that this important reduction has been 
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mainly brought about by the expression of scientific opinion, and by the readi- 
ness with which various persons, manure-manufacturers and others, have put 
in practice the suggestions contained in the preceding part of this Appendix 
(p. 26), for the formation of an artificial mixture in imitation of the natural 

jano. The fear of competition produced its natural effect upon the market, 
and led the importers of this substance to content themselves with a smaller 
profit. It is to be hoped that the more extended sale which has followed the 
reduction, will leave the spirited merchants who first brought it into the country 
no reason to regret the diminution in price. The benefits which the practical 
agriculturist derives from one such reduction as this are not all at first 
sight perceptible. The demand for guano has so greatly lessened the call for 
rape-dust, that it has also fallen in price from £8 to £5 10s. per ton. Thus 
ramified and extended are the results of a single chemical investigation—or the 
publication of a single well-founded scientific opinion. , 

3°. Artificial Guano.—In connection with this subject it is important to as- 
certain to what extent the attempts to manufacture a substitute for the natural 
guano have been attended with success—in so far as the turnip crop is concern- 
ed. ‘The only comparative results which the above experiments present, are the 
following—those upon Swedes being obtained by the use of 3 cwt. of each 
mixture, those upon the yellow and white turnips by the use of 5 ewt. of each :— 


Swedes. Early Yellow. White Globe. 
1°. Nothing - : . 12tons 5 cwt. 12 tons 17 cwt. — tons — ecwt. 
2°. Natural guano : Me eS BE Sa a cc lel 
3°. Barochan artificial puano 17 “14 “ 24 © | Qe O28 105° 
4°, Turnbull’s artificial puano 14 “11 “% 2 % 4% — “© — & 


These results show that, when equal quantities are employed, equal results 
are not obtained from the natural guano and from the artificial mixtures. 
It also appears that Mr. Fleming’s mixture is much more efficacious than that 
of Mr. Turnbull. They are made up, with some modifications, after the recipe 
given in the preceding part of this Appendix (p. 25), but are, no doubt, suscep- 
tible of improvement. It is, indeed, one of the indirect benefits which will re- 
sult from the introduction of this foreign manure, that it will stimulate to expe- 
riments, by which we shall, no doubt, at last successfully imitate it—and will 
lead, at the same time, toa more general and thorough understanding of the 
principles upon which mixed manures ought to be compounded, and of the 
mode of preparing them with the greatest possible economy. Many crude mix- 
tures may be made at first, by dealers in manure and others, and many instan- 
ces of want of success may occur, but now that we have adopted the system of 
recording results, whether apparently successful or the contrary, there is little fear 
of owr arriving at satisfactory and economical truths at last. 

Suggestion I1I.—In experiments made for the purpose of aiding the real ad- 
vance of scientific agriculture, 1 would suggest (hat no mixture should be used of 
which the composition is not exactly known—which, therefore, has not been either 
made by the experimenter himself or by some dealer upon whose honor perfect 
reliance is to be placed. The use of the random mixtures now sold under so 
many different names, however successful they may be in this or that case, can 
never lead to the discovery of useful agricultural principles, and, therefore, are 
unworthy of the attention of the cultivator of inductive experimental agriculture. 

4°. Sulphate of ammonia.—These remarks lead me to notice the effect ascrib- 
ed in Mr. Fleming’s second table (p. 44), to sulphate of ammonia—one ecwt. 
of which nearly doubled the crop. ‘Thus— 


The unmanured soil gave : : 12 tons 17 ewt. 
With 1 cwt. of sulphate ofammonia 24 “ I1 “ 


This is exactly equal to the effect produced by 15 ewt. of rape-dust at a cost of 
£6 10s. But the sulphate of ammonia here employed was that prepared by 
the Messrs. Turnbull, of Glasgow—which is not merely sulphate of ammonia, 
but a variable and undetermined mixture. It is prepared from urine, and I be- 
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lieve is contaminated also with a considerable proportion of saline substances 
artificially added to it. That it contains many substances useful to plants there 
can be no doubt, and that it may prove a yaluable manure is exceedingly pro- 
bable, but wader iis present name it can only lead to false deductions in expe- 
rimental agriculture—and the use of it, therefore, in comparative trials such as 
these we are now diseussing, ought tobe avoided. It is only, as I have already 
said, from the use of pure substances mixed in known proportions, that valua- 
ble, because undoubted, conclusions can be drawn. It is in vain (o attempt to 
eliminate the effects of diversity of soil and climate, if new causes of diversity 
are introduced by the very substances with which our experiments are made. 
5°. Bones dissolved in muriatic actd.—The action of bones is not in general 
exhausted in a single season. If they are in the state of fine dust, they decom- 
pose more quickly and cease to act ina shorter space of time. By dividing 
them still more minutely, or by solution in an acid, it has been thought that 
their apparent efficacy might be increased. Mr. Fleming, in 1841, made some 
experiments which seemed to justify this conclusion. In the present tables 
other results are exhibited, which favour the same opinion. I place together 
here the results upon potatoes, as well as upon turnips, for the purpose of 
comparison :— 


Bone-dust. Bonesin muriatic acid. 

16cwr. 18 cwr. 3 CWT. 10 cwr. 
tons. cwt. tons. cwt. tons. cwt. tons. cwt. 

Swede Turnips ¢ : : 4617 .~— — —- — Koja 
White Don Potatoes ; ; —_- — 9 15 12 15 —_- — 


These results, the only ones contained in our tables which can be compared 
together, are both greatly in favour of the dissolved bones, in so far as the action 
upon the first crop is concerned. It will require longer observation to deter- 
mine in which form the same weight of bones will produce the more lasting 
effects—and will be the more economical on the whole. 

6°. Nitrate of soda—The effect of 1 ewt. of this salt per acre upon the early 
an turnip is very remarkable (p. 44), having given upwards of 27 tons of 

ulks, at a cost of 25s. It is to be regretted that no similar experiment is re- 
corded upon the other varieties of turnip, either by Mr. Fleming or by Mr. Al- 
exauder. In the text (Lecture XV., p. 335 to p. 342) an abstract of all the pub- 
lished results hitherto obtained by the use of nitrate of soda will be found in a 
tabulated form. 

7°. Lime.—An interesting result in Mr. Fleming’s first table may hereafter 
lead to some satisfactory experimental determinations of the points considered 
still doubtful in regard to the form in which, and the time when, lime may 
be most efficaciously applied, in reference to the culture of particular crops. He 
caused carbonate of lime and caustic (newly slaked?) lime to be sown in the 
drills without manure, and the effect upon the crop of Swedes wasas follows: 


Soil unmanured : ; 2 : 12 tons 5 ewt. 
Carbonate of lime, 20 bushels : ; LO LES 
Caustic lime, 50 bush els : : ee 8B. Se 


The immediate effects of lime applied in these two forms was very different— 
the caustic lime lessened the turnip crop, while the carbonate increased it by 
4: tons. This effect most probably arose from the lime, in its caustic state, 
taking from the soil the carbonic and other organic acids from which the roots 
in the early infancy of the plant would have derived a portion of their nourish- 
ment, and thus retarding and stunting their growth. At all events the experi- 
ment seems to indicate that lime ought to be in the state of carbonate—the mild 
state—more or less entirely, if itis intended to benefit the crop to which it is 
immediately applied. When mixed with manure, however, where vegetable 
matter abounds in the soil, or where the lime is merely harrowed into the sur- 
face—in all which cases it will readily become, in a great measure, saturated 
with carbonic acid—the skilful farmer will understand that the deduction drawn 
from the preceding experiment wili not apply. 
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_ 8°. Rape-dust.—The results exhibited in this year’s experiments, generally, 
are not so favourable to the employment of this substance as was to be expect- 
ed. ‘The reason, however, is, probably, that which has already been suggested 
in discussing the results obtained at Lennox Love—that rape-dust requires a 
moist soil or occasional showers. But this itself isan important probable deduction. 
The reader will find a comparative view of the whole of the results with this 
substance in the text (see Lecture X VIL.) 

9°. Animal Ciarcoal.—The effect of animal charcoal upon Swedes in Mr. 
Fleming's experiments is only inferior to that of guano. It is certainly deserv- 
ing of further trials, and especially in comparison with what is called exhausted 
animal charcoal—that which has already been used in the refining of sugar. 
In France, the latter is said to be a to the former, and to be sold by the 
sugar refiners at a higher price than they pay for it in the recently prepared 
state. 

10°, Other mixed manurcs.—In regard to other mixed manures, the reader 
will find much practical information by the study especially of No. 3 of Mr. 
Fleming’s tables, p. 45; and of Nos. 1 and 2 of those of Mr. Alexander, p. 46. 
These are the more worthy of the attention of the practical man, since Mr. Flem- 
ing considers himself justified in remarking as the general result of the experi- 
ments in p. 45, that any of the mixtures used will in his lind produce an ave- 
rage crop of turnips at a less expense than farm-yaré manure. "This is the kind 
of result which it ought to be the ambition of every practical man to work out 
for himself upon his own land. 

11°. Size and weight of bulbs——-There remains only one other topic in con- 
nection with these experiments to which space will permit me at present to ad- 
vert. In the remarks upon the table inserted in p. 44, it is sonia that the tur- 
nips on the plots dressed with— 

Guano and wood-ashes——were pre-eminent for size of bulbs. 

Sulphate of ammonia—-large in bulb, but soft, and light in weight. 

Potash and lime, salt and lime, sulphate of magnesia, nitrate of soda—small 

in bulb, but firm and solid. 

Bone-dust and the artificial guanos—both containing bones—the bulbs firm 

ant solid, but not remarkable in siz. 

Now upon the solidity of the bulb—other things being equal—it may be pre- 
stumed that the relative nourishing properties of different species of turnip will 
materially depend. The quantity of water which different specimens of the 
same variety of turnip contain varies from 79 to $1 per cent.—that is, some tur- 
nips of the same specizs contain only four-fifths, while others contain wpwards of 
nine-tenths of their weight of wa'er. In other words, the same variety of turnip 
may contain such unlike quantities of water, that 2 tons grown on one spot 
may not contain more than 1 ton grown inanother. The weeght of bulbs, there- 
fore, is no safe criterion of the quantity of food raised on different parts of the 
same field—where the general treatment, or the substances applied to aid the 
growth, have been different. 

Now in the above experiments the guano gave 32 tons of very large, the sul- 

hate of ammonia 24 of soft, and the nitrate of soda 27 of small and solid bulbs. 

t is probable, therefore, that the actual quantity of food raised by the aid of the 
nitrate of soda was much greater than even by the natural guano. It may also 
have been that the 142 tons of solid bulbs given by the sulphate of magnesia, 
or the 124 raised from the land without manure at all, may have contained as 
much nutriment as the 24 tons of soft bulbs raised by the sulphate of ammonia, 

Suggestion IV.—The bare possibility of sucli a circumstance as the last, 
shows how little absolute confidence we can place in the numerical results as 
yet obtained, considered as evidences of the greuter or less amount of food, which 
the use of this or that kind of manure will enable us to raise from a given ex- 
tent of land. It suggests, also, the necessity of a further determination.of the 
relative quantity of water contained in our experimental turnip crops. This 
will, without difficulty, be effected by selecting three or four turnips of different 
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sizes from each sample—cutting a slice from either side, and one from the mid- 
dle of each turnip—weighing the whole—drying them then, first in the air, 
afterwards before a gentle fire, and lastly inan oven so hot as not to brown white 

aper or dry flour, and then weighing. The loss being the weight of the water 
in the turnips, will enable the experimenter to determine the relative quantities 
of food raised upon his different plots, and therefore the relative value of his 
different applications or methods of culture. 

In this suggestion the reader will perceive another of those precautions which 
the prosecution of our experimental inquiries renders necessary—future years 
will suggest others—but the increase of trouble will not deter the zealous la- 
bourer in this important field—for the more precautions and difficulties multiply, 
the greater the honour will be to those who by perseverance shall successfully 
overcome them. 


B.— The Experiments wpon Potatoes. 


Nearly all the experiments in the first table of results (p. 48) were made with 
mixed manures. 

1°° Guano and rape-dust_—Among these the effect of guano is again striking, 
and upon two of the varieties greatly exceeds that cf rape-dust. ‘Thus, the pro- 
duce of the three varieties tried was— 


White Don. Red Don. Connaught Cups. 
Unaided soil . ; . % tons ? cwt. 6 tons 15 ewt. 5 tons 15 ewt. 
With 3 cwt. guano. LS Oke —_ * — « —_ * — 
With 4 cwt. guano. 3 ee Las Gig Is) ep Tae 


With 1 ton of rape-dust. 12 “ 6 * lO eae nace SE a ene 


We are not enabled, by the experiments before us, to compare its effect with 
that of farm-yard manure. 

A curious question suggests itself upon the inspection of the above numbers 
—one which could scarcely have arisen in our minds, had not differences such 
as the above presented themselves among the results of our experiments. 
Nothing is more common than to ask which of several varieties of potato is the 
more prolific—and a practical man who has made the trial has no difficulty in 
giving an immediate answer to the question. But the experiments of Mr. Flem- 
ing seem to say that the relative weight ef crop yielded by each of two or more va- 
rieties of potato, depends upon the way in which you treat or manure them. With 
one treatment a variety (A), with another a variety (B), will give the heaviest 
crop. “Ihus, our three varieties gave with— 


White Don. Red Don. Connaught Cups. 
Natural guano . 18tons Yewt. I4tons 6 cwt. 13 tons 14 ewt. 
Rape-dust . 2 phe i a6 gs LO ni ign OP ors Ise’ SOs SY 


Both substances agree in saying that the white is considerably more prolific 
than the red Don. But while the guano adds that both Dons are more prolific 
than the Cups, the rape-dust pronounces the latter variety to be superior to either 
of the former. Now it may have happened that in the last case of the three, the 
rape-dust, from some circumstance not noticed, may have acted better than in 
the other two cases, and that in this way the discordance may have arisen. Un- 
fortunately, however, there are upon record no other experiments made upon 
any two of the varieties of potato with other substances used in like proportion 
—by which this question might have been in some measure solved. But the 
interesting, and as it may hereafter prove, important inquiry suggests itself— 
what is the order of relative productiveness of the several varieties of the same culti- 
vated plant, when they are severally dressed or manured with this or with that sub- 
stance? This question will, no doubt, hereafter lead to extended series of very 
refined experimental inquiries, from which not only much knowledge but much 
practical benefit may be derived. } ' 

Suggestion V—\t may be, for instance, that a given variety of potato, turnip, 
oat, barley, &c., is more valuable as food, more agreeable to the taste, or brings 
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a better price in the market—but by the ordinary modes of culture is the least 
productive of those generally cultivated. It would then be not only an interest- 
ing, but an important economical question to ask—could this variety be render- 
ed more productive by a different mode of treatment—one especially adapted to 
its. own nature ? Would the practical man not rejoice to think that such a result 
could be brought about by the aid and suggestions of science? Yet this is the 
result to which the refined series of experiments suggested by the question 
above proposed may possibly lead. 

May I venture to hope that some of my more zealous readers will be induced, * 
during the present or succeeding summer, to make trials of the relative effects 
of the same saline or other known substances and mixtures, upon different varie- 
ties of the same erop—of potatoes, turnips, wheat, &c., in circumstances other- 
Wise equal, in some such form as the following : 


Variety A. Variety B. Variety C. Variety D. Variety E. 
Substances. Substances. Substances. Substances. Subsiances. 
a. |B. | c. do |i Bax Ce Any | Ba lsc. A; |B) Cs A. | B..|-€. 


The results if carefully ascertained are sure to lead to good, if they should 
not be successful at once in solving the problem above proposed. 

3°. Solidity and size of the potatocs—Nothing is said in the observation of 
Mr. Fleming, or his overseer, in regard to the size or solidity of the different 
varieties of potato, or of the different samples of the same variety on which the 
experiments were made. Yet in connection with the remarks | have already 
offered upon these qualities of the turnip, it is proper to add that the potato is 
subject to similar variations in the proportion of water it contains—and, there- 
fore, in the relative amount of nourishment capable of being afforded by equal 
weights of its different varieties. 

Some potatoes contain less than 70, others upwards of 80 per cent. of water, 
so that while 100 tons of one sample will give only 20 tons of nourishment, the 
same weiglit of another will give 30 tons, or one half more. In general, such 
as grow on heavy or clay soils, or such as are less ripe, contain the most, while 
those which have been planted upon sandy spots, or are fully ripe, contain the 
least water. But the effect produced by different soils we ee now to 
see may be produced by different methods of dressing or medicating our crops 
also. 

Suggestion VJ.—It would be interesting to determine, therefore, by actual 
experiment, the relative proportions of water contained in the produce of the 
several experimental patches of potato ground upon the same field, when 
equally ripe, or when dug up on the same day. This would afford us the 
means of approximating still more closely to the true economical action of our 
different manures upon the potato crop. It may turn out that in certain cases 
the increase of produce, as indicated by a greater weight, is only apparent, 
while the increased amount of food raised may in other cases be considerable, 
though the balance indicates no increase of weight. 

Did we know the relative proportions of water in the several samples of the 
three varieties of potato raised by Mr. Fleming by the aid of guano, and of 
rape-dust, already compared together, our conclusion in regard to their relative 
productiveness, when treated by either substance, might be materially altered. 
{ hope, therefore, that this point also will hereafter arrest the attention of some 
of our experimentalists. 

4°. Permanent effects of saline manures on the futwre productiveness of the 
seed.—Recommending to my practical readers a careful consideration of the 
effects of an admixture of wood ashes with the several dressings applied to the 
turnip and potato crop, I pass on to the two following series of experiments 
with saline manures upon the potato crop, as given on p.49. These two series 
are well conceived, and the results very instructive. Of these results the one 
which seems to me most deserving of the attention of the practical man is con- 
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tained in a few words, thrust in as it were, among the remarks appended to the 
table (1°, p. 49.) In the later printed copies I have caused them to be put in 
italics, with the view of bringing them into notice. If the reader will turn to P- 
20 of this Appendix, he will find a remarkable experiment recorded, in which, 
by top-dressing well-manured potatoes, with a mixture of } of nitrate and 3 of 
sulphate of soda, the enormous crop of 30 tons an acre was obtained from the 
small plot experimented upon. Some of these potatoes were kept for seed, and 
planted alongside of others of the same variety, which had not been so dressed, 

~ and the result is stated in the few words above referred to—‘‘ These last, under 
the same treatment in every respect, did not produce so good a crop by 15 bolls (33 
tons) per acre.” 

In so far, therefore, as this experiment is to be relied upon—for we must not 
be hasty in drawing general conclusions—it appears that the benefit to be de- 
rived froma skilful treatment of the potato plant does not terminate with the 
greater immediate crop we reap, but extends also into future years, improving 
the seed and rendering its after-culture more productive. 

Suggestion VII.—'This idea is worth pursuing, were it only for the purpose 
of making out the possible existence of so important a physiological law—how 
much more when it appears so pregnant with important practical results. But 
thus it is in all cases, that the prosecution of experimental research, with im- 
mediate reference either to purely scientific or to purely practical results, ends 
in improving and benefitting both abstract science and economical practice. 

{ am unwilling to follow out or to reason upon this possible law, as if it 
were really established; but the possibility of its truth appears to throw light 
upon such questions as this—why the seed must occasionally be changed if 
large crops are to be continually reaped. One soil may be adapted to give the 
plant a large supply of this or that substance in which the other soil 1s com- 
paratively deficient; and it may be possible to medicate our seed-corn, while 
growing, so as to give it the qualities which at present it can acquire only by a 
change of soil. 

All this, however, can be only determined by experiment, and the intelligent 
reader will nc+ fail to be struck with the remarkable richness of these first trials, 
in suggestions for future carefully conducted experimental researches. 

5°. How should saline manures be applied to the potato crop?—Ought they to 
be mixed with the manure, or to be applied as a top-dressing 2 Mr. Fleming’s 
experiments do not fully solve this question ; because the soil on his two fields 
was very unlike in quality. Thus with manure alone the one field produced 
12 tons 15 ewt., the other only 8 tons 17 cwt per acre. A perfectly satisfactory 
solution of the question can be obtained only by experiments with the same sub- 
stances, upon the same soil,and with the same variety of potato. Yet the experi- 
ments now before us add considerably to our knowledge upon this point, and 
such of them as are capable of being compared together are much in favour 
of mixing the saline substances with the manure. Thus applied in_ nearly 
equal proportions by both methods, nitrate of soda, sulphate of magnesia, and 
sulphate of ammonia, gave the following results :— 


FIRST FIELD. SECOND FIELD. 
Top-dressed. Mixed with manure. 
tons. cwt. tons. cwt. 
Mianunevalane! 1). 4c: at Se TAP 8 17 
Nitrate ofsodara srie- 8) ee le 0 Toa 
Sulphate of magnesia . . . . 13 5 DL way 
Sulphate of ammonia. . . . 14 10 1S Oy 


The proportionate increase, therefore, in these three cases, is greatly in favour — 
of mixing with the manure, but something may depend upon the soil and 
season; and, therefore, other experiments are necessary before we can draw a 
general conclusion. It may prove that some act better when applied in the one 
way, and some in the other. - 

6°. Sulphate of soda.—W ith this substance applied in either way, the singu- 
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lar and consistent result was obtained that 2 ewt. per acre caused no alteration 
whatever in the weight of the produce upon either of the two on Which the trials 
were made. Of the respective qualities of the crops nothing is stated. 

7°. Sulphate with nitrate of soda—The above result with sulphate of soda 
alone, is the more remarkable frorn the known effect produced by this and other 
sulphates when mixed with nitrate of soda. ‘This year, also, the mixture of 
nitrate with sulphate of soda added one-half (6 tons per acre) to the crop, a 
greater proportionate increase even than in the experiment of 1841, which gave 
an increase of 8 tons out of a total produce of 30 tons per acre. But this 


season Mr. Fleming has tried, with still greater success, a mixture of 1 cwt. | 


each of sulphate of magnesia and nitrate of soda, the produce rising by-the use 
of this top-dressing to 224 tons. The relative effects of the two sulphates 
would have been more clearly proved, had the proportions of nitrate of soda 
epplied per acre in the two mixtures been the same. 

8°. Nitrates of soda and potash.—Another interesting fact to add to those 
alrerdy registered upon the relative efficiency of these two saline substances, is 
presented in page 49. One hundred weight and a half of — 

Wikrate GirsoGa cave Hiss) .iisticeis fale el oteelO Mons. 
Nitrate of potash gave . nd Se eae . 18% tons. 

This difference may have been due to accidental causes—or the 184 tons of 
the one result may have contained no more food than the 16 tons of the other; 
but the multiplication of accurate experiments will eventually lead us to the 
truth. Apparent failures and discordant results must not discourage the prac- 
tical man. By recording all trust-worthy results, the light will almost sponta- 
neously spring up-at last. 

9°. Silicate of potash—T he results obtained by the use of this substance, and 
the remarks appended to them (p. 50), are deserving of much attention. In re- 
ference to this compound, and to the silicate of soda, I beg the reader to turn to 
the suggestions contained in this Appendix, p. 40. 

10°, Mixed manures—'fhe mixtures in page 59 will no doubt be imitated, 
and by those who can obtain them of known composition, comparative experi- 
ments may be tried with advantage both to theory and to practice. 


C.—The Experiments upon Barley. 


The true practical value of the experiments upon barley will be shown by 
placing them in the following form :— 


Increase. £ s.d_ Cost per bush. 
Nitrate of soda with common salt, gave 5 bush. for0 176 — 3s. 8d. 
Sulphate of soda with sulphate of magnesia, 74 bush, for0 15 6 — 2s. 1d. 
Guano (at 25s.), : } ° ; 17 bush. for3 180 — 4s. 7d. 
Common salt, ‘ ; f ; 6 bush. forO 46 — Os. 9d. 
Turnbull’s artificial guano, : : 2 bush. forl 40 — 12s. Od. 


The cheapest application, without doubt, upon this soil, is common salt. 
At half the above price guano would produce the barley at 2s. 3d. per bushel, 
and the larver quantity reaped, together with the value of the straw in the pre- 
paration of manure, may satisfy many that either guano or the mixture of sul- 
phates may be used with profit. Itis a further recommendation of the common 
salt, however, that it produced the heaviest, while guano produced the lightest 

rain. 
é From the experiment with nitrate of potash no result can fairly be drawn, in 
consequence of the great drought of the season (see Mr. Gardiner’s remarks). 


D.—The Experiments upon Oats. 


1°. Negative effect of saline manures—The first of the two series of experi- 
ments above recorded being made at Lennox Love—like those made at the same 
place upon turnips—derive their principal interest from the illustration they 
afford of the negative effect of sale manures upon the cat crop, under the in- 
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fluence of great heat and drought. I select the more simple and striking cases 
of diminution. The undressed part of the field produced 54 bushels per acre. 
Common salt diminished this produce by 6 bushels. 


Nitrate of soda A FA Stairs 9 See 
Sulphateror soda’, 2 0 ey OMe es Moe ok 
Be AISLE wih). rales Nel Seemae Om NOt 
Soot. . ie Me a 


while 2 ewt. of guano raised the produce to 70 bushels, being an increase of 16 
bushels. 

These results not only confirm the deductions which we have already drawn 
from the preceding experiments upon potatoes and turnips—that guano will act 
even in our driest seasons, while rape-dust requires at least occasional rain—but 
they go further in showing that, like the saline substances, rape-dust, and even soot, 
will materially diminish the oat crop, if the season be distinguished by remarkable 
drought. 

2°. Moss oais—The experiments upon moss oats (p. 53) are a continuation 
and extension of those of 1841 with greater attention to accuracy in the determi- 
nation of the produce. The last column in the table speaks for itself. The 
general produce of the field being 43 bushels per acre. 


Increase. Cost per bush. 
Sulphate of ammonia gave ; . : 9 bushels 2s, 3d. 
Sulphate of soda with nitrate of soda gave {8 bushels ls. 7d. 
Bones in muriatic acid gave. : : 18 bushels ls. 6d. 
Silicate of potash, mixed with the above, gave 22 bushels 2s. Od. 


In the last two cases the straw, which is usually imperfect in oats grown upon 
moss land, was strong and healthy. It is obvious, therefore, that all these exper- 
iments deserve repetition, though, as here set forth, the increase of grain by Nos. 
2 and 3 was obtained at the least cost, and, therefore, to the economist will ap- 
pear most important. 


E.— The Experiments upon Wheat. 

I. Effect of drought-—The first series, those made at Lennox Love, afford in- 
teresting illustrations of the effect of great drought in modifying the action of sa- 
line manures and of rape dust, upon the wheat crop. ‘The more prominent 
results are distinetly brought out when thrown into the following form. ‘The 
produce ofthe undressed part of the field being 474 bushels an acre, this produce 
was affected by the several substances employed in the following manner :— 

Decrease per acre. Increase per acie. 


Common salt, 1 cwt. . : : : 14 bush. _ 
Sulphate of soda, 1 cwt.  . : . 92 bush. _ 
Soot, 32 bush. . 5 : ; : slight. _— 
Nitrate of soda, 1 cwt. : d : — slight. 
Rape-dust, |6cwt.  . ; - < — 34 bush. 
Guano, 2cwt.  . : — } bush. 


Thus, the nitrate of soda and the soot did no harm, though the drought did 
not permit them to do any good. Common salt slightly, and sulphate of soda 
largely diminished the crop of grain—while of these four substances the sulphate 
was the only one which diminished the yield of saw. Nitrate of soda and 
soot largely increased it. 

On the other hand, guano slightly increased the yield of grain, and rape-dust 
added 34 bushels to the natural produce, both also augmenting the weight of 
the straw by about one-tenth of the whole. 

In this case, then, the rape-dust surpassed in beneficial effect the natural 
guano, though, as we have already seen, it proved greatly inferior to the latter 
when applied in similar proportions to oats, potatoes, and turnips. 

2°. Suggestion VIII— This fact suggests an interesting inquiry. Itis known 
that one of the most lucrative modes in which rape-dust has been hitherto 
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employed as a manure has been in top-dressing the wheat crop (see the prece- 
ding part of this Appendix, p. 19). Has it,therefore, some special adaptation to 
the wheat crop—which will account at once for its comparative failure upon oats, 
turnips, and potatoes, and for its superior efficacy to guano upon the wheat crop 
—in the proportions stated, and even in a very dry summer? ‘I'he comparative 
efficacy of the two substances applied in various proportions is certainly deserv- 
ing of further investigation. It will be a gain notonly to practical but to theo- 
retical agriculture, should it be established that rape-dust can be profitably 
applied to the wheat crop, in circumstances when it would be thrown away upon 
oats or turnips. By turning to the next series, that of Mr. Fleming (p. 54), it 
will be seen that the last result there stated is also favourable to the action of 
rape-dust upon the wheat crop.* 

3°. Mutually counteracting influence of different manures.—But another curi- 
ous observation presents itself in the table of Lord Blantyre’s results. It is in 
the apparent struggle between the good and evil influences of the rape-dust on 
the one hand, and of the saline substances on the other, when they were applied 
together to the same plot of wheat (see Appendix, p. 19). Thus, when applied 
in the proportions above stated— 


Increase. Decrease. 
Common salt gave . : —~ 14 bush. 
Rape-dust gave . : ; : . 3% bush. _ 
One-half of each gave y . 2) bush. — 


Or the natural effect of the rape-dust was lessened one-third when mixed with 
the given weight of common salt. So, also— 


Increase. Decrease. 
Sulphate of soda gave = > . = 93 bush. 
Rape-dust gave . - : : - 33 bush. = 
One-half of each gave : 4 ; — 3 bush. 


Or the influence of 1 cwt. of sulphate of soda for evil was one-third greater than 
that of 16 cwt. of rape-dust for good—in the given circumstances of soil, climate, 
and crop. This result, which at present seems only curious, may hereafter lead 
to the establishment of interesting truths capable of practical application. 

Suppose, for instance, that upon two fields rape-dust were applied to the 
wheat crop at the rate of 16 cwt. per acre, and that the one field contained na- 
turally in its surface soil the proportion of sulphate of soda employed in Lord 
Blantyre’s experiment, while the other contained none—then in the one case 
the rape-dust would not only expend all its influence in overcoming the tenden- 
cy of the sulphate to lessen the crop.—but would even seem to do harm if the 
produce were compared with that of another field, of apparently similar soil, 
near the surface of which this abundance of sulphate did not exist ; while, in the 
other case, the rape-dust, haying no counteracting influence to overcome, would 
spend itself entirely in increasing the growth of the plant and the final yield of 

rain. 

: Or suppose an artificial guano or other mixed manure artificially prepared, 
to contain two or more substances which, in the soil they are applied to, have 
a tendency to produce opposite effects—the one to increase, the other to 
diminish, the amount of produce—the effect of this conflicting action of its 
component substances would be such as to render the mixture of less efficacy, 
perhaps of no efficacy at all—it might be even injurious to the crops,—although 
it contained substances which, if applied alone, would have exhibited a power- 
ful fertilizing action. 

These two illustrations are sufficient to show the kind of light which obser- 
vations, such as the one above adverted to, may hereafter throw upon practical 
agriculture. 

II. The substance of Mr. Fleming’s table (p. 54), may be thus presented. 


* See also the subsequent observations on the experiments upon beans. 
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The unaided produce of the soil was 25 bushels an acre, and the effect of the 
dressings as follows :— 


Increase. Decrease. 
Guano, 3cwt. . : F : . 3 . 6 bush. — 
Rape-dust, 5 cwt., sulphate of magnesia, } cwt. . 34 bush. _ 


Sulphate of soda, 13 cwt., nitrate of soda, 3 ewt. 14 bush. 
Common salt, 3 cwt. . ; : : : F —_ 34 bush. 
Common salt, 3 cwt., dissolved bones, lewt. . -- 2 bush. 


Turnbull's artificial guano produced no sensible effect. 

Under the circumstances, besides being favourable to guano, the above re- 
sult is also in favour of the mixed sulphate and nitrate of soda, which we have 
seen to operate beneficially upon so many other cultivated plants. The entire 
crop appears to have been injured, not only by the summer’s drought, but by 
the severity of the preceding winter. 

{n regard to common salt, it is worthy of remark, that the grain dressed by 
it, Whether oats, barley, or wheat, in Mr. Fleming’s experiments of this year, 
has been always heavier per bushel than any of the other samples tried. This 
accords with the previous results of some other experimenters; but it does not 
agree with Mr. E'leming’s observations upon the wheat of 1841, nor with those 
ot Mr. Burnet for 1842, and therefore cannot yet be considered as a universal 
consequence of the application of this substance as a top-dressing. 

Ill. The experiments of Mr. Burnet, of Gadgirth, have already been partially 
detailed in the text (Lecture XVI, p. 362), and their value explained. They 
are important, chiefly, as showing— 

1°. Economical mixtures.—TVhat mixtures can be prepared which, upon some 
sous, surpass guano in efficacy and in economical value, at its former price. 
‘The price being now reduced, other experiments are required, yet stil] the less 
effect of guano upon the wheat crop is in accordance with the results of Lord 
Blantyre. A wet season, however, may alter the numerical relation which 
these results exhibit. It wil! be observed that here also ‘T’umbull’s guano pro- 
duced no sensible effect. 

2°. Lffect of soda—'The efficacy of the salts of soda, whether the sulphate, 
the nitrate, or common salt, upon Mr. Burnet’s land, are also very striking— 
half a hundred weight per acre of either producing an additional increase of 
about 10 bushels of grain. 

3°. Yield of flowr.—lInto his tabulated results, Mr. Burnet has introduced a 
new element, and, as it seems to me, an important one in an economical point 
of view, namely, the quantity of fine flour yielded by equal weights of the several 
sanuples of grain. The differences presented in this column are very striking. 
Thus 100 lbs. of the grain reaped from the plot which was— 


Undressed OAV ie i yw cul kacnbreimusinseluie pier a0: )asiubemeeby (Ode OSes Oki extern 
Dixegsed swath Ovan vs auouels Was) canicindy sd >a layne age COA OS: of 
With sulphate of ammonia . roses. as 662 Ibs. f 
With sulphate of ammonia and nitrate of soda. . . 54 lbs. 


It would be interesting to learn from an experienced miller to what extent 
such differences affect the money value of the grain to the manufacturer of 
flour. 

4°, Amount of gluten.—Through the anxiety of Mr. Burnet to draw as much 
information as possible from his excellent experiments, I am able to present 
another feature in regard to the action of these saline and other substances upon 
the quality of the produce. 

It is known that the quantity of gluten contained in different samples of 
flour is very unlike, and that the nutritive property of the flour depends, to a cer- 
tain extent, upon this quantity of gluten. It has also been stated, as the result 
of experiment, that the grain which is raised by means of manure containing 
the largest quantity of nitrogen, is also the richest in gluten. With a view to 
these questions, Mr. Burnet transmitted to me a pound of each of the samples 
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of flour (see Appendix, p. 5), and upon exaraination I found them to contain 

the following proportions of gluten :— 

Water percent. Gluten per cent. 
16:3 : 


Novi Nop applteatione dale hivshecn cties Pansies 
2. Guano and wood-ashes . ..... . 1615 9:3 
aeArtificial: zuanofand)do: +.) ai sae eles 168 9-6 
4, Sulphate of ammonia anddo. . . . . . 164 105 
5. Do., do., and sulphate of soda . . . . . 15°7 Out 
6) Do., do:j.arid common saltis:. o4) <0, ctdw ae? 9:6 
feDe:,do! and nitrate of soday... 62) 6. Gey WGA 10:0 
8. Turnbull's guano, gypsum, and wood-ashes. 15:2 9-1 


These results are not without their interest, for though they do not show any 
striking difference in the per-centage of gluten, yet upon the whole the result is 
in favour of those samples to which the sulphate of ammonia* had been ap- 
plied. One of these, No. 4, exceeded the undressed grain by about one per 
cent., or one-ninth of the whole gluten it contained. Were the amount of this 
gluten alone therefore to determine the feeding quality of the grain, this sample 
might be considered as considerably the most nutritious. But besides the re- 
lative proportions of fine flour which they severally yielded, there are other im- 
portant considerations which bear upon this question, and must influence our 
judgment. These considerations it would be out of place to present among the 
present observations. ‘They will be found stated in the text of the Lectures, 
(XIX., p. 498 ef seg.) where we treat of the composition of wheat and other 
varieties of grain—and of their respective values in the feeding of man and other 
animals. 


F.—T he Experiments upon Grass. 


I. The experiments of Mr. Alexander are not very remarkable or conclusive. 
The meadow, which was drained moss full of timothy grass, gave naturally 1 
ton 4 cwt. of hay, whereas the one dressing raised the produce to 1 ton 8 ewt., 
the other to 1 ton 11 ewt., per imperial acre. ‘The cost is not stated. 

Il. But those of Mr. Fleming are very interesting. By referring to page 17 
of this Appendix, it will be seen that in 1841 Mr. Fleming obtained a greatly 
increased produce of hay by the use of nitrate of soda. He informs me that 
in making the present experiments he was desirous of again testing the efficacy 
of this salt upon grass, on the same kind of land, and of comparing it with that 
produced by other saline substances. He selected also a portion of the same 
field, on another part of which the trials upon wheat had been made in 1841 
(see Appendix, p. 19), with the view of ascertaining if any analogy could be 
traced or difference detected, between their action in 1841 upon wheat, and their 
effect in 1842 on sown grasses—rye-grass, timothy, and red clover. Both objects 
have been in some measure attained. I shall first present a summary of the 
results. 


OF HAY. INCREASE. DECREASE, 
tons cwt. » tons cwt. tons cwt. 
The undressed soil produced . . 1 5 
Sulphate of soda,3ewt. . . . 1 3 — = 
Nitrate of soda, lh ecwt.. . . . 2 10 lees (2 —= 
Sulphate of soda, lecwt.. . . . 
Bi ceied of soda, 4 cwt. ae pig 0 1 
Common salt, 3 ewt. . Si hsiiieel milli — 0 2 
Commonisall Oiewtn iia ( a) bin ens . 
Soot. Gibushels is trie ero. “al ee 0.4 thie 
Sulphate of ammonia, lewt. . . 1 13 0 5 es 
Gudnopiidrcuts tendo acai: ches, O>.n0 eee 


* It will be borne in mind that this is Turnbull’s sulphate of ammonia, already adverted 
to in page 61 of this Appendix. 
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A mixture of silicate of potash with gypsum produced no sensible effect, 
neither did Turnbull’s artificial guano. 

1°. In this repetition of his experiment, therefore, the nitrate of soda on si- 
milar land again increased greatly the produce of hay—giving, at the first cut- 
ting, an excess of upwards of 1 ton, at a cost of 30s. 

2°. But on comparing this action of the nitrate upon grass with its action in 
the same field the previous year upon wheat—we find that though it considera- 
bly increased the crop of se yet every additional bushel raised cost 12s. 6d. 
as the price of the nitrate added to the land (Appendix, p. 19). It appears, 
therefore, that upon soils where the nitrate will not pay when applied to wheat, it 
may yet pay well when applied to grass. 

3°. Again, we find above that 3 cwt. of common salt lessened in a slight de- 
gree the crop of hay, while, in 1841, 14 cwt. increased considerably the produce 
of wheat in the same field—the additional grain reaped from the salted portion cost- 
ing only 6d. a bushel (p. 19). It would appear, therefore, that on soils where 
conmon salt can be profitably used upon wheat it may do injury upon hay. ‘The 
only circumstance that renders this deduction less safe is that 3 ewt. of salt per 
acre were applied to the grass, which may have been too much considering the 
dryness of the season. 

4°. The latter remark applies also to the sulphate of soda which was laid on 
at the rate of 3 cwt. per acre. A less addition might possibly have aided the 
crop. Yet the negative influence of this salt seems great, since 14 cwt. of nitrate 
— itself tending toincrease the crop—was unable entirely to overcome the dimin- 
ishing influence of 1 cwt. of sulphate. 

But the reason of this apparent inefficiency of the nitrate, when mixed with the 
sulphate, is in some measure explained by the remarkable fact, that on both of the 
patches to which the sulphate of soda was applied, the. grass that came wp consisted 
almost entirely of red fescue (Festuca Rubra), though rye grass, timothy, and red 
clover were the only grasses sown. ‘The sulphate, therefore, must first have checked 
or entirely destroyed the grasses which had already sprung up, and then have 
incited the dormant seeds of fescue to germinate, before the fertilizing agency of 
the nitrate could come into play. 

This effect of the sulphate, should it be confirmed by later experiments, will 
establish the important theoretical principie, that those substances which, when 
present in the soil, will destroy some of our cultivated grasses, will encourage the 
growth of others; and the no less important practical truth, that saline substan- 
ces exercise such a special action on the several crops we grow that we may 
hope to discover the means of aiding the growth of the one or the other at plea- 
sure, and it may be at little cost. 

Suggestion LX.—It is to be recollected that in the case of Mr. Fleming’s 
field it may have accidentally happened that the seeds of the fescue particularly 
abounded in those plots to which the sulphate was applied. With every dis- 
position, therefore, to advance as rapidly as we possibly can, I think it better 
to suspend our judgment upon this point—until the following two series of ex- 
periments shall have been made in two or three different localities :— 

a. By top-dressing any of the ordinary grasses sown—excluding the fescues 
—on four or more plots, with 4 cwt., 1 cwt., 2 cwt., and 3 ewt. of sulphate 
of soda respectively, and marking the kind of grasses that most abundantly 
spring. 

6. By sowing half an acre of one or more of the fescues, and especially the 
Rudra, and noting the effect of the sulphate applied in similar proportions upon 
as many patches as before. 

These experiments, it is obvious, would be rendered more interesting were 
nitrate of soda, alone and mixed with the sulphate, tried on other plots, and on 
both varieties of grass. I trust Mr. Fleming, whose educated eye enabled him 
to detect the interesting fact in question, may be induced himself to prosecute 
the subject by further experiments. 

5°. Suggestion X.—We have already seen in the above joint action of the 
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nitrate and sulphate, another illustration of the kind of struggle we may suppose 
to go on between substances tending respectively, the one to increase, the other 
to diminish, the produce. In the joint action of the common salt and the soot, 
when applied together, we have a further instance of the same kind—an increase 
of 4 ewt. only being caused by the application of 16 bushels of soot, when coun- 
teracted by anadmixture of 2cwt. of common salt. Applied alone, the increase 
of produce would probably have been greater. Will any one undertake exper- 
iments with the view of further bringing out this interesting mutually-counter- 
acting influence of different applications ? 

6°. I can only call attention to the large yield of hay naturally obtained from 
that part of the field on which barley dressed with bone-dust in 1841 had previ- 
ously grown: Mr. Fleming informs me that no sensible difference in the produce 
of hay was observed between the undressed part of the field and that upon which 
the dressed wheat had grown in 1841, though the crop was not set apart or 
weighed, as we might wish it to have been. 

If}. Since the preceding experiments went to press I have received the fol- 
jowing short notice of trials upon hay made by Mr. Campbell, of Islay :— 

“Tt is very difficult to get the tenants in our wild part of the world to expend 
money in the purchase of foreign substances, however beneficial ; and for this 
reason I have been induced to try the substances mentioned below, because, 
with the exception of sulphuric acid, the others are to be got in abundance 
in the island—the pigeons’ dung may be got in large quantities in the caves, 
sea-ware on the shore, and lime is abundant and excellent in quality. The ex- 


periment was made thus— 
WEIGHT IN POUNDS. 


Fresh cut. Dry. 
a. Meothniots: PE Peres is ee 199 
2Miccon Danes Meh CRs Ve iae ey BIS 275 
3. Sea-ware, Lime, and Sulphuric Acid. . . 306 269 
4. Lime and Sulphuric Acid. . . . . . . 298 256 


1. A field of about ten acres, lately improved from heather, was chosen; the 
field was well drained and deep ploughed, so as to raise the subsoil (red loam) 
with the moss. On its surface the grass was sown down with oats—8 cwt. of 
each substance was used to the acre. Eight yards square carefully measured 
from the centre of each variety, and weighed the day they were cut, and again 
on the day they were put into stack. The hay was fully ripe when cut. 

2. The pigeon dung, which looks like peat-dust, was laid on exactly as it 
was taken from the cave. 

3. One ton of lime-shells was mixed with 12 tons fresh sea-ware ; after being 
twice turned, the whole of the sea-ware was consumed, leaving only small black 
particles mixed with the lime: the bulk was reduced to five large carts (not 
weighed) ; 4 galls. sulphuric acid, mixed with 400 galls. of water, were added to 
the powder—a violent fermentation took place, and the bulk was further re- 
duced about an eighth. 

4. A ton of lime-shells was prepared according to your recommendation - 


slaking the lime with the dilute acid. 4 
NN. B. One measure of this lime in shells gives three and a half in powder.” 


G.—The Experiments upon Mixed Crops. 

Mr. Alexander’s experiment upon a field of mixed oats, beans, and peas, is 
very deserving of notice, and will, I have no doubt, be repeated. Not only did 
the mixture of gypsum and common salt zzcrease the ulumate produce—but, as 
Mr. Alexander says, it acted like magic—imparting life and vigour to an appa- 
rently dying and worthless crop. 


H.—Thke Experiments upon Beans. 


I. The principal fact of importance in the experiments of Mr. Alexander is 
the effect he found his mixture of gypsum and common salt to produce upon the 
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beans even when already in flower. This is another of those new and practical- 
ly valuable observations which, year by year, are sure to present themselves to 
our observing experimenters as their inductive researches are continued. 

II. Lam happy in being able to introduce here, though it reached me too late for 
insertion among the other tables, the following digest of results upon beans, ob- 
tained upon Lord Blantyre’s farm at Lennox Love. The object of them was 
to ascertain the relative effect of certain saline manures, and of rape-dust, and 
guano, upon beans, after a crop of oats. 


Experiments upon Beans, afieracrop of Oats. T'he quantity of land in each 
plot was one-eighth of an imperial acre, Seeds sown 25th February ; manures 
applied 13th May; crop cut 8th August; stacked Ist September, 1842; and 
thrashed 6th February, 1843. 


| MANURES. |> | Weight taken from |Z a 
— Thrashing Millof [$s s Increase| De- 
FORDHILL eal a |a of  |creaseo 
FIELD, Ss \~ -\._:| S= |produce |produce 
LENNOX LOVE. - Se Fs , sy koe =, | in grain.| in grain. 
No. Nace = rh $£l4o| Poi 
Descriptionof} @ |= |e2/2)],/o)] 8 heoled|) €8)2lea/2]. 
Dressing. | 8 | 223) #|8|2| 8 [2eles| 22 | 8] 3/8| 2 
G@ |OPamlalea,a foses es | ala |S |e 
lbs. |s. d.} Ibs.| Ibs] Ibs.} Ibs.| lbs | Ibs.| Ibs.|/bushs.|bsh.|lbs. |bsh.| Ibs 
1 |Common Salt.| 14 | 0 4} 588} 231] 54 | 285) 225) 78 | 654) 3-538 ; — | — |-182) 31 
Common Salt.| 7 Pi sesh ie : P ie 
2 eau 13 7 0| 630| 265] 53 | 318| 280! g2 | 662] 4-000 | 252] — 32 
3 |Nitrate ofSodaj) 14 | 3 1| 672] 276] 63 | 339) 254] 79 | 663) 4.134 | 414} — | — | 22 
Nitrate of Soda 7 Se - - . 
4 § Rape-dostn 1134 8 7| 644| 280| 59 | 339] 253] 52 | 6e2| 4-210 | 490] — | — | 26 
itrateofSoda| 7 Bl « rm F : 
5} Sulph, of Soda a 2 0] 686] 282] 60 | 342) 258] 86.) 664) 4256 | 536] — | — | 25 
| 6 Sulph. of Soda} 14 1 0} 700! 282] 73 | 355) 261) 84 | 663) 4-240 | 520) — | — } 12 
7} Saige 136 7 5| 700| 289] 65 | 354) 261| 85 | 67 | 4-313] 593] — | — | 20 
8 |Rape-dust....| 224° [14 6} 700) 292) 61 | 353) 260; 87 | 663) 4-374 | 654) — | — | 24 
9 |Guano........| 28 | 5 Q| 728] 280] 68 | 348) 263/117 | 663) 4-210 | 490) — } — | 17 
10 |Nothing......) — — | 672} 248] 85 | 333) 265) 74 | 663! 3-720) — | — | — | — 
RES ]S00t.. a oe 4 bsh. | 4 0\ 686} 234) 87 | 321) 281) 84 | 66 | 3545) — | 2 | 175, — 


Remarks.—The soil of Fordhill, on which they grew, is light and of inferior quality—the 
subsoil is of indurated clay, interspersed with boulders and small stones, and occasionally 
beds of gravel. The field was drained every furrow previous to its being broken up from 
old lea jn the winter of 1840—ploughed deep and subsoiled in the autumn of 1841, and ma- 
nured with farm-yerd dung in the drill before sowing the beans in the spring of 1842. Owing 
to the dryness of the season, the beans were rather shori in the straw; the specific manures 
were applied after the plants had attained some inches in height. Zhe sulphate of soda (Gry, 
not in crystals) blackened and destroyed the wnder leaves, wherever it came in contact with 
them, but fresh shoots soon appeared, and it did not seem permanently to injure or retard the 
growth of the plants. They did not, after the application, shewany marked change of colour; 
and at no period did they seem to differ much from the rest of the field. A few peas were 
sown among the beans; and in dressing the grain, an attempt, partially successful, was made 
to separate them—each experiment underwent the same process in the dressing. Grain 
column Ist represents the produce in beans—grain column 2nd represents that in peas. 
The separation, however, not being completely effected, there were left peas among the beans, 
and some ofthe smaller and inferior beans among the peas. I thought a distinction of this 
kind worth making in the Tables, as I observed that some of the lots contained much more 
peas than others, and conceived that the relative value of the manure, as applied to ether, 
might thereby in so}1e measure be shown, as well as their effects on the beans alone more 
truly exhibited. The gross weights were taken, as those of the other experiments, at the 
town of Haddington’s weighing-machine, before thrashing—the deiailed weights and mea 
surements by myself. Wm. Goop-Ler. 


The produce of the undressed part amounted in the above experiment to 294 
bushels, and it is remarkable— 

1°. That the soot alone caused a sensible diminution of the gross produce, 
and alone did not lessen the proportion of peas. 

2°. Although the season was so dry the sulphate of soda gavea larger increase 
than was obtained by the addition of twice its own weight of guano. ® 

3°. That an admixture of half its weight of nitrate with the sulphate of soda 
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did not increase the produce beyond that of an equal weight of sulphate alone. 
This is different from the action of the latter salt in the case of the other grain 
crops and of potatoes. 

4°. That 1 ewt. of sulphate of soda produce as great an effect as 16 cwt. of rape- 
dust—the quantity of grain reaped from both applications being very nearly the 
same. 

Suggestion XI.—These striking effects of the sulphate ultimately took place, 
although when first applied to the young plants it burned and blackened their 
leaves. I trust that these results will also be tested by repetitions in other years 
—ess droughty, it is to be hoped—and in other parts of the country. For the 
sulphate of soda, Mr. Alexander’s experiment seems to say that gypsum, which 
is still cheaper, may be economically substituted. 

5°. It will be seen that guano upon this crop, as upon the wheat already noticed 
(p. 68), was less successful than some of the other substances employed. 


Conclusion—Upon the observations of Mr. Gardiner in regard to the effect 
of the dressings of 1841 upon the crop of 1842, I have nothing to add to the re- 
marks I have already made (p. 57) upon their importance, and upon the good 
that must follow from continuing them. But in concluding these observations, 
the reader will please to recollect that I have adverted to those points only, in the 
above tables of results, which appeared to myself most important. ‘There are 
many other points to which by a careful study of the tables his attention will 
naturally be drawn. He will consider the observations themselves also, as 
only so many gropings afier truth. The present state of our experimental inqui- 
ries can scarcely be supposed as yet to give us more than a glimpse here and 
there of the true light. Like a man who finds himself in a dark dungeon, we 
are peering through the comparative gloom of our prison-house, in the hope of 
finding some mode of escape into the upper day. Like him we may be long in 
discovering the true outlet, and the passage upwards may be narrow and in- 
tricate ;—but the same conviction which will give him safety, will ultimately 
lead us also to the light—that he who persists in trying—marking and recollect- 
ing every turning he has explored—may at length escape; but that he who sits 
still, in indifference, or gives up his quest in despair, is swe to die in darkness. 


Pe eee 


No. IX. 


ADDITIONAL EXPERIMENTS IN PRACTICAL AGRICULTURE, 
MADE IN 1842. 


The following experiments were made at Erskine, in Renfrewshire, upon the 
Home Farm of Lord Blantyre :— 


Experiment L—Potalo Oats, after old Grass. 


The soil was variable, chiefly good loam, resting on a subsoil partly gravel 
and partly sand. The field, having been long in pasture, in many places very 
wet, was drained in November and December, 1841; ploughed soon after, and 
sown with oats on the 8th of April. The manures were applied on the 15th 
of April, and harrowed in with a single stroke of the harrows. One-fourth of 
an imperial acre being previously measured off for each plot. 

According to notes taken of the appearance ofthe crop from time to time— 

May 23.—The nitrate of soda (No. 1) looking darker in colour than any of 
the other plots; next to it, in point of colour, the foreign guano (No. 5) seems 
best; then the soot (No. 9); then the sulphate of ammonia (No. 2); cannot, 
however, discern any very decided difference in the appearance of the others, 


76 EXPERIMENTS UPON OATS AND GRASS. [ Appendix, 


May 30.—There appears a slight difference in favour of all the applications 
in the order above stated, the sulphate of soda (No. 3) pale in colour. 

June 28.—A ppearance same as on 30th May. 

The crop was cut 19th and 20th of August, and thrashed from the stock on 
the 7th of September; the results carefully ascertained, the grain by weight and 
measure; the straw by weight, as it came from the thrashing-machine; no ac- 
count taken of the chaff. 

RESULTS OF EXPERIMENT I.—OATS, 


= PRODUCE. 
=e 5] Goodgrain. |Light grain. Increase + 
Sete ee os or 
No. Applications. Ses ce 52) = | Decrease — 
at O. | & |———-— 
: ses =a 22! @ | Grain.| Straw. 
s. d.|bsh. Ibs.| Ibs.| Ibs. | Ibs.| Ibs.} Ibs. lbs 
1 | Nitrate of Soda, 28 Ibs......... 6 3] 12 2h | 423) 8 | 292) 908) 264! +191 
2 |Sulphate of Ammonia, 28 lbs...} 5 0} 12 22] 40 | 10 | — | 770) —— 53 
3 |Sulphate of Soda, 56 Ibs........ 3 0| 12 —|]40| 142 | — | 762] —18) + 45 
MalNothing) i. ccceckcccceecreececl =. be. LO Ale Oe = ——— 
5 |Foreign Guano, 28 lbs.......... 6 3) 12 4) 412) 63 | — | 768 6 | + 51 
6 |Turnbull’s BritishGuano.56 Ibs.| 4 0) 12 173] 414) 102 | — | 788 14 | +71 
7 |Turnbull’s Impr’d Bones, 561lbs.} 3 0} 1L 2] 41 104 | — | 675] —49 | — 42 
8 }Turnbull’s Humus, 10 bush....] 10 0) 11 83] 41 | 114 | — | 644) +441 | — 73 
J [SOG LOMDUSN: 5 ae vereteneatec tees 211 13 303] 41 94 | — | 880] —60! +163 


Experiment II.—On Old Pasture Grass to be cut for Hay. 


The soil was of medium quality, on stony clay subsoil. The part of the 
field experimented on was originally very wet, producing scarcely any better 
herbage than rushes and other semi-aquatic plants, was drained in 1835, has 
been three years pastured after a crop of hay from young grass in 1838; the 
soil is of a blackish friable texture, the subsoil very retentive. ‘The specific 
manures were applied on 15th April, with the exception of the soot, which was 
sown on the plot in the experiment at the same time that the other parts of the 
field were dressed with soot, being about the middle of March, and by the 
15th of April were shewing a greener shade than the portion left for experiment. 

April 25.—Observed the ridge or plot No. 5 (sulphate of ammonia) looking 
dark in the shade, and that the salt has burned the leaves of daisies and other 
broad-leaved plants; the moss or fog seems also to be burned, it looks black 
and unhealthy. 

May 7.—The ridges or plots Nos. 2, 5, and 7, look decidedly better than the 
rest; No. 3 also seems farther advanced than where no applications were made. 

May 23 —No. 2 getting on very fast, and now looks as well as No. 1, which 
has always had the advantage (to appearance) of the other plots: The grass 
on No. 3 pale in colour, but taller than where no manure was applied. 

The hay was cut on the 3d of July, and the grass weighed soon, 7. ¢., ina 
few hours after being cut down, but being very sunny weather it was somewhat 
faded when weighed. The made hay weighed and put into stack on , 

Each plot consisted of one-fourth of an imperial acre. 


RESULTS OF EXPERIMENT II.—HAY. 


Cost of PRODUCE. 
No. Applications. applica- | _————————_ | Increase 
tion. | Grass. | Hay. jin Hay. 
s. d.| Ibs. | Ibs. Ibs. 
1 Soot, 10 bushels... ..... SSG aS 2 11 2331 970 188 
2 |Nitrate of Soda, 40lbs........... 8 We 25362 | 1026) 2442 
3 [Sulphate of Soda, 80 lbs.........|4 33 | 1936 Sl 594 
AWNGOIDINE. «ct specie deem ningeretere || se 1760 726 — 
5 |Sulphate of Ammonia, 40 Ibs....| 7 14 | 25164 935 153 
© [INOCHING Rr cn tbies socemeciimere es — 2374 838 
a Foreign Guano, 40-lbs........... 8 11h | 3024 1190 408 


Turnbull’s British Guano, 80 Ibs] 5 84] 2841 1044 262 
— nan — — — — —aa——_«»w—s>s=> 


No. IX] EXPERIMENTS UPON WHEAT AND POTATOES. wT . 

N. B.—I take the average of thetwo plots which had no manure, as the sum 
to deduct for finding the increased produce. The second column from the 
right is made hay, the third is green grass, weighed soon after being cut. 


Experiment IIf1.—Upon Wheat. 


Soil, a good strong loam, resting on a heavy subsoil composed of clay and 
small stones, called till. 'The wheat was sown in November, 1841, after a erop 
of potatoes. The field had been long in grass previous to 1840—when it was 
drained, and ploughed for oats in the spring of 1840—was well dunged with 
good farm-yard manure, and was also limed for the potato crop of 1841, so that 
the field was in very good condition for wheat. 

The manures were applied 14th April, 1842, and harrowed in with a stroke 
of the harrows. : 

May 10.—The portion No. 1 seems darker in shade than No. 9 and No. 8. 

June 28.—A calm day, with gentle rain—many of the lots much bent down, 
as follows:—No. 1 much bent down. No. 2 partly swirled and bent at the 
end next a planting. No. 1 swayed at east end next the planting, not so bad as 
No.2. No. 4 less bent down than No. 3. No. 5 much bent down and swirled. 
Nos. 6 and 7 all standing. No. 8 partly laid down. No. 9 very much swirled 
and laid. All the laid wheat came up again in a few days after the rain. 

The wheat was reaped with the sickle, and in due course stacked, in good 
condition. It was thrashed on the 8th February, 1843. 


RESULTS OF EXPERIMENT IIi.—WHEAT. 


| STRAW. GRAIN. 
So ae Total Increase : Weixzht 
Applications. quan- or Bi hel per | Increase. 
| lity. |Decréase —. 4 ¥- lbushel. 
Nv. | Ibs. Ibs. bush. lbs.| Ibs. |bush. Ibs. 
DSO TAP LO ETN S: so cascie execs «ous ein 1213 + 205 13° 33 58 2 32 
2 Turnbull’s Humus, 10 bushels...| 1055! + 47 12 48 60 Bear 
3 |Improved Bones............:.6 973 — 35 ll 58 62 0 57 
4 Turnbull’s British Guano,....... 1193 + 185 14 43 61 3 42° 
5 |Foreign Guano... c.w0..s.ce0-es| 1049 + 41 11 342 | 614 0 33% 
{ 6 |Nothing.... .... Taisho Saeteres ok 1008 — THE 62 — 
+ Te ulphate of Sodas lie. . Gis e835. 1073 | O65 Wiz 62 ML | 
| § \Sulphate of Ammonia .......... 1133 | + 130 13 38 | 62 2 37 
| 9 |Nitrate of Soda,..........-..-. 14159 | + I5L 13 38 | 62 2 37 


Experiment 1V.—On Potatoes. 


Soil, a medium loam, resting on gravel and sand. The field was ploughed 
from old grass, and sown with oats in 1841; was drained (where wet) and dee 
ploughed in the autumn of 1841; prepared for potatoes in the spring of 1842, 
and well dunged at the rate of about 45 tons of very good dung from Glasgow, 
per acre. ‘The manures wereapplied in addition to the dung, by being sprinkled 
above tre dung in the drills before placing the sets, then covered by reversing the 
drills, on the 21st and 22d of Aprit, 1842. 

During the season could discover little or no difference in the appearance of 
the poruons dressed with the specific manures, from where no applications 
were made; the crop was a very equal good one over all the field. Onc-fourth 
of an imperial acre i cach plot. 


* Tean ill reconcile the great produce from No. 4 with the appearances when growing, 
and have been suspicious. that notwithstanding every precaution being taken to avoid mix- 
ing. some sheaves of No. 5 plot, have been taken to No. 4, while the crop was in stook, as it 
Was somelimes necessary (during the time the slooks were in the field) to have them re- 
paired, they being blown down once or twice. 

The cost of the applications, as also the quantities applied, of the different materials, were 
the same asin Experiment No. I, on Oats. The light grain is not here taken into account, 
as it was too trifling in quantity aud quality to be of any importance, and nearly the same in 
every case. ‘ B 
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RESULTS OF EXPERIMENT IV.—ON POTATOES. 


\ | 
| Manures. | Cost. PRODUCE. Raceare iF 
| = 
' = | —_— ———— 
‘No. poner aes F Wish s. d. jtons. ewt. qrs. lbs. cwt. qrs. Ibs. 
itrate of Soda....... sinae 3. 
I Su ain oe Oda. cis eatiaecls a ae 474/83 0 1 Ah +1 bi 
ulphate of Soda.........- bs. 
2 Peaihnte of Ammonia... ...14 lbs. 40 219 0 24 [+0 0 17% 
3| Foreign Guano.............. 28 lbs.) 6 3 3.0 0 0 .|+0 3 2 
4| Turnbull’s British Guano....56lbs.| 4 0 219 2 2k |+ 2 14 
S| Soot, 7s DUSHelS scans cs cessseeacl 2 OF 1) > vlan a oo) nee 
6 | Improved Bones, Turnbull’s, 56lbs.| 3 0 2.19 2221 »|--19eR2e ae 
7 | Gypsum, 1 bushel.................) —— 2) WBietlie2i wi Ob i 
Aiesttul HUN OU ING Say sit «ia slots naspus spisieenaiets — 2519 GO tee = 


The gypsum used turned out to be genuine on analysis.* 


REMARKS UPON THE PRECEDING EXPERIMENTS. 


1°. Effect of the drought.—It is to be observed, in the first place, that the 
great drought of the season exercised an unfavourable influence upon the re- 
sults of these experiments also. It is necessary, therefore, to suspend our judg- 
ment in some measure regarding them—until future experiments in other sea- 
sons shall confirm or modify them. 

2°. Inferences to be drawn from the colour of the crop.—A new feature in- 
troduced by Mr. Wilson in the account of these experiments, is the appearance 
presented by the several crops at different specified periods after the dressings 
were applied. 

It is acommon thing for practical men to estimate the relative produce of 
different fields or parts of the same field by their appearance, and especially by 
the colour of the growing crops. Yet that this is not to be depended upon in 
@ corn crop, 1s proved by the observation that up to the end of June appearances 
in the oat field were most in favour of the nitrate of soda, the guano being se- 
cond, and the soot third in order. Yet, when reaped, the— 

Nitrate gave an increase of only . . . . . 24 bushels per acre. 
Grama eu es ae relentless gama ernie ve OAM Ss DER ACHE: 
OGL winflae, lveie.. ij dtiece emitter ce Wi pales raat 6 bushels per acre. 

The nitrate did give a little more straw than either of the other two, but that 
the colour is not an unfailing criterion even as to the produce of straw or of 
hay is shewn by the experiments upon oats and upon hay. In both of these 


* List of prices paid for the manures used in the foregoing experiments :— 


1. Foreign Guano . 9°. 2%.) se . 253. per cwt. 
Sy "Ro rnbnlls, Guanocasdes) sss sas, se Sees, gel Sie Ie 

3.. Taurnbull’s Improved Bones... %....:| See al se sw OR, EE 

4. "Tarnbol’s Humus «2. «+ a. * sols t REe e  e  1So DEP NEDeE 
B Nitrate of Soda si) SA Sh aS oe) ot fe 25s; PeMewE. 

6; Sulphate:of' Rodai (ny) ger (em ees nee eed eile adie te Gaon § 

7. Sulphate of Ammonia, (0.6 o os je plee 8 pepo t geen tiny ley eOSe fF 

8. Soot . 34d. per bushel. 


Nos. 2, 3, 4, and 7, were manufactured and furnished by Turnbull and Company, Chem- 
ists, Glasgow. The British (Guano No. 2) is said to be made up as follows :— 
2 cwt. of Sulphate of Soda. 
2 ewt. of Sulphate of Ammonia. 
1 cwt. of Common Carbonate of Soda. 
15 ewt. of Improved Bones, manufactured by Turnbull & Co. 
20 ewt., or | ton. 

The Improved Bones are said to be half dissolved bones and half wood-charcoal. I be- 
lieve the bones include animal matter, as 1 am informed the carcases of old horses, &c., 
are all used in the manufacture. James WILson. 

Freeland, Erskine, 20th February, 1843. 
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crops the portions dressed with sulphate of soda are described as pale am colour, 
and yet the excess of produce over the undressed parts was as follows :-— 
In the oats. ings cwt. straw. 
Inthehay . . 2 ewt. peracre. 

The increase in neither case would be deserving of much attention—except 
as showing satisfactorily that wrong conclusions may be drawn in regard to 
the efficacy of manures and top-dressings by those who judge only by the eye 
—and that safe reliance can be placed on those comparative results only which have 
been tesled by weight and measure. I know, indeed, that practical farmers who 
have applied nitrate of soda to grass land, and have been delighted by the beauti- 
ful green colour which followed, have occasionally been disappointed by find- 
ing that after all this promise the weight of hay obtained was no greater than 
upon the undressed parts of their fields. As to the feeding qualities of the two 
kinds of hay no experiments have yet been made, though it 1s known that cat- 
tle prefer that which has been dressed. 

Suggestion XI—I put down, therefore, as a distinct suggestion for the pur- 
pose of drawing attention to the subject, that this plan of specially noting the 
appearance of the crops at s/a/ed, say monthly periods, should be adopted in all 
future experiments. ‘This will serve, not merely to show us more clearly what 
kind of appearances are to be trusted, and how far, as indications of an increase 
of crop—but may hereafter prove of further importance when experiments shall 
begin to be instituted upon the feeding properties of crops reaped under dif- 
ferent circumstances, and raised under different kinds of management. 

3°. Importance of having two or more experimental plots similarly treated.— 
The experiments upon hay above-mentioned exhibit another illustration of the 
fact adverted to in page 59 of this Appendix under the head of limils of error. 
I there drew the attention of experimenters to the difference in the produce ob- 
tained on two equal patches of the same field of turnips, to neither of which 
any dressing had been applied. At Erskine two equal plots of grass in the 
same field gave a similar difference of produce. I present both results here for 
the sake of clearness. The produce per imperial acre was— 


t Where the sulphate was applied. 


Hay at Erskine. Turnips at Barochan. 

tons. cwt. tons. cwt 
11S) 0) CE) aa ae ee ee hy Dy Ts) 12, 17 
AME IGEE PA ee na Re edna 1 8 
Difference. . . a URN ow cel 2 1 9 


In my remarks upon the difference between the two plots of turnips (A ppen- 
dix, p. 59), [expressed an epinion that differences equally great, depending not 
at all upon the substance applied, might be expected on equal portions of those 
fields upon which our different saline manures may have been applied ;—and 
that very erroneous conclusions might thence be drawn in regard to the abso- 
lute and comparative effects of the substances with which our experiments are 
made upon the crops to which they are applied. 

I have since met with a confirmation of this view in a record of two pairs of 
experiments made with equal quantities of rape cake upon equal plots of red 
wheat, in the same season, and upon adjoining parts of the same field, (British 
Husbandry, [., p. 112.) ‘The results of two experiments with different quan- 
tities of rape dust were as follows :— 


Produce of Light 

Rape dust applied. marketcorn. Weight per bushel. corn. 

stones, bush, lbs. oz. Ibs. 

Patol Sree ee Ob Wee wee at OO rs Posten Oe), LOM cure, haa 
SHO plates: “een Bee ig ee OE as OUs Oo are anon 
BSE MOE oy og fo cnt boje OO.) muas exh ALCON Mel oil Hee EO) Tn ote 


SBM ipint;. as eS. RS. ne a OL Deen ee 
The differences both in the quantity and in the weight of the grain reaped, in 


rs 
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each of these pairs of experiments,are so great that had they been obtained from 
plots of ground dressed with different manures we should readily have ascribed 
them tothe unlike action of the substances we had lpi Doubts may natu- 
rally arise, therefore, when we look at the scveral tables of results contained in 
this Appendix, how far the differences presented in them are really due to the un- 
like action of the manures employed, and how far to natural causes not hitherto 
investigated. Can allthe experiments made during these last two years with so 
much care really be vitiated by this source of error? ‘The point must be eluci- 
dated by further experiment. Should it prove that we have here a general 
source of error, it is satisfactory atleast that we have discovered it at the threshold 
as it were of our accurate experimental inquiries, and that we can devise means 
of avoiding it in future. 

I therefore repeat the Succestions I. and II., which [ ventured to offer in page 
69 (Appendix), thatsome of my readers, of whom I believe many are interested 
in this subject, would in the ensuing season ascertain accurately the produce of 
equal measured quantities of the same field, under whatever crop it may be, 
and publish or transmit the result to me—and that in all future experiments 
made with the view of ascertaining the effect of different manures upon any crop, 
two plots al least, and not adjoining to each other, should be treated alike in each 
field, and the mean of the several results obtained with each substance taken as 
the average produce from which their comparative effects are to be estimated. 

These points appear to me to be of primary importance, and to lie at the 
foundation of the structure | hope we are now beginning to rear with the results 
of inductive experimental agriculture. 

4. Action of soot.—In these experiments a top-dressing of soot increased con- 
siderably the produce of oatsand wheat, while it diminished the produce of po- 
tatoes when mixed with the manure. Thus the produce per acre on the dressed 
and undressed parts was— 


Oats. Wheat. Potatoes. 
Undressed . . 49 bush. . . 44 bush. . . 11 tons 16 cwt. 
Dressed 2... se'boebushe- sec! S4*bushe) 2°> etons 3 "ewh 


The unfavourable effect upon the potato crop may probably be due to the 
mode in which it was applied, as in other districts it is very useful to potatoes, 
and gave, as we have seen, when applied alone to turnips, an increase of 4 tons 

er acre. (See Mr. Fleming’s Experiments, Appendix, p. 43; also, Lecture 

VII. p. 438). 

5. Comparative action of soot and of nitrale of soda—The immediate effect 
of both these substances is to darken the colour and to inerease the growth 
of hay and straw. In this respect the advantage is rather on the side of the ni- 
trate, while the soot in some cases gives a little more grain. ‘Thus the zncrease 
of produce per imperial acre of the three crops of hay, wheat, and oats, dressed 
with each of the three, was nearly as follows :— 

Hay. Wheat. Oats. 
Grain. Straw. 
Sooe at). aeewtaatr warlO abushzgee. « 6F ‘bush: \Grewe 
Nitrate ofsoda. 9 cwt. . . 104 bush. . . 64 bush. 7 cwt. 


In both cases, however, the sooted grass was lighter per bushel. Thus their 
comparative weights were— 


Wheat. Oats. 
Sooted, .....thd0058"ibs,.... . "41. Ibs. 
INitrated.. Sw "62" lbs. ™,” (42i" lbs. 


Nevertheless, the advantage to the practical man is decidedly on the side of 
the soot, since the cost of 40 bushels of soot per acre was only 12s., while that 
of 1 cwt. of nitrate of soda was 25s. It is only to be regretted that soot is so 
variable in its constitution that firm reliance cannot be placed upon the uniform- 
ity of its effects. a 

6°. Action of guano.—In the text, p.460, I have stated the apparent conclusion 
to which the Erskine experiments, taken in connection with all the others Ihave 
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yet met with, seem to point—that it is more uniformly successful when applied to 
root than lo grain crops. The increase of oats in the present experiment did not 
exceed half a bushel per aere—though that of hay amounted to 144 ewt. 

7°. Action of sulphate of soda.—I have already noticed the effect which this 
salt has in paling the colour of the crop, even when the produce of grass or 
straw is increased. In regard to the grain, we see in the experiment upon oats 
that it reduced the crop, 14 bushels per acre—while the wheat crop was increased 
10 bushels by a similar application. 

Is this difference in its effects due to the nature of the soil, or to the special 
action of the sulphate upon the two crops ? 

We have seen in the experiments made in 1842 at Lennox Love (p. 52), that the 
sulphate of soda diminished the oat crop 154 bushels per acre—an effect, how- 
ever, which may be mainly ascribed to the great drought in that locality, since 
even nitrate of soda caused a diminution of i24 bushels. But it also diminished 
the wheat crop at the same place to the extent of 94 bushels per acre, but upon 
this crop also the drought appeared to interfere with the natural action of the sev- 
eral top-dressings which were applied, so that no trust-worthy conclusion can 
be drawn from the apparent results of their action. 

Suggestion XII—1 have already suggested (p. 72) an interesting experiment 
with sulphate of soda, in order to test the very curious observation of Mr. Flem- 
ing, that when applied to land sown with artificial grasses, it brought up a crop 
consisting almost entirely of fescue grasses, though none of these had been 
sown. | would here guggest further that the marked difference observed at 
Erskine between the action of this sulphate upon wheat and oats should be 
further investigated—with the view of obtaining a satisfactory answer to this 
question—Does sulphate of soda act less favourable upon wheat than upon 
oats in the same soil? Or does an unlike action manifest itself only when the 
soils are different? I fear the suggestion comes too late for the present year, 
unless, as I hope, there are experiments already in progress which will throw 
light upon the question. But the suggestion will not, [ believe, be overlooked 
when another year comes round, 

It is further worthy of remark, in regard to the action of the sulphate of soda 
upon the wheat crop, that the straw was strongerand less laid than where any 
of the other dressings were applied. 

8°. Action of sulphate of ammonia.—The substance employed under the name 
of sulphate of ammonia, as I stated in a previous part of this Appendix (p. 61,) 
is not what its name implies. ‘The makers, the Messrs, Turnbull, of Glasgow, 
inform me that it is prepared by adding sulphuric acid to fermenting urine, and 
evaporating to dryness*. Though such a substance must vary in composition 
with the urine from which it is prepared, and must contain more or less am- 
monia according to the degree of fermentation which the urine has undergone, 
yet good effects may fairly be expected from it. I here exhibit the effect of 1 to 
1} cwt. per acre applied to different crops— 


Undressed. Dressed. Made at 
IEA fi: ve. 44) bush: 542 bush. Erskine. 
Dose . eta) cieole bush: 40 bush. Gadgirth. 
ORS) cee eal et al AD bush: 50 bush. Erskine. ‘ 
urnips s;, =) . - /12? tons. 242 tons. Barochan. 
Potatoes 2°.) 2-4 > F 2t tons: 142 tons. do. 
DO rer hci ote . 83 tons. 134 tons. do. 


These results not only recommend this substance to the practical farmer, but 
they also enforce the remarks I have made in the text upon the value of urine 
in general, upon the large waste of manure annually incurred by the neglect of 
it, and upon the virtual moncy-lvss which is suffered by those who allow it to 
escape from their farm-yards. [See Lecture XVIII., p. 465.] 

9°. Action of Turnbull’s humus.—This humus, as it is called, is night-soil 


” In the text I have described it under the name of sulphated urine.—See p. 451. 
E* 
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and urine mixed with charcoal and gypsum, and dried by a gentle heat. Its ef- 
fects upon the wheat crop are, in the present experiments, more favourable than 
any of those I have yet placed upon record. ‘the following experimental re- 
sults exhibit the nature of its action in two localities, both in the same neigh- 
bourhood :— 


Undressed. Dressed. Experiments made at 
Wheat... an i. 44. bush, 51 bush. Erskine. 
Ostseue as... 49 cbush: 45 bush. do. 
Turnips . . . 123 tons. 133 tons. Barochan. 
Do. the Bari 17 tons. do. 
Potatoes ... «0 . 52. tons, 102 tons. do. 


These results, especially those upon the corn crops, are not so beneficial as 
might well be expected from a prepared night-soil, and they afford room for the 
suspicion that the mode of manufacture has been such as to dissipate some of 
the more valuable constituents. 

10°. Experiments upon potatoes.—In the experiments upon potatoes the whole 
crop averaged 12 tons per acre, and the parts of the field to which the artificial 
manures were added exhibited no marked increase above this general average. 
Even the mixture of nitrate with sulphate of soda, which in so many other 
cases has proved beneficial to the potato crop, in this instance produced only 1 
cwt. of increase. 

It may be that the manure which was added at the rate of 45 tons per acre 
contained a sufficient supply of all those kinds of food which were added after- 
wards in the saline and other substances. If so, a larger crop could only have 
been obtained by the addition of some other substance not tried, for a loam of 
moderate quality ought to be able to produce more than 12 tons of potatoes per 
acre. 

Or it may be that these same artificial manures would have produced a larger 
increase had they been put on as a top-dressing after the crop had come up, in- 
stead of being spread upon the manure before the potatoes were planted upon 
it. In the experiments of Mr. Fleming made with especial reference to this 
point, [Appendix, pp. 49 and 66,] it was found that @ larger proportionate 
inercase was obtained from the same saline substances applied in equal quanti- 
ties to the potato crop when they were spread upon the manure, than when they 
were applied as a top-dressing afler the crop had come up. Still the experiments 
in his case being made in different fields, I stated that the point was not to be 
considered as established, but was deserving of further investigation. ‘This 
opinion is strengthened by the results of these experiments of Lord Blantyre : 
I would therefore beg to offer as— 

Suggestion XII.—That the application of saline manures to the potato 
crop—either when the trial is made for the purpose of obtaining practical infor- 
mation, which may, hereafter, be valuable as a guide to the operations of the 
farmer, on the land where his experiments are made, or for that of arriving at 
results which may be theoretically useful—that the same proportions should be 
applied to two or more plots buried with the manure, and to two or more dusted 
on as a top-dressing. From an accumulation of results obtained in both ways, 
we shall be able to extract something like a principle by which practical men 
may be easily guided in that direction which is likely in the greatest number 
of cases to lead to the greatest amount of profit. 

11°. Waler in the potatocs—1 will here add one other observation upon the 
potato experiments. There was, as we have already remarked, no notable dif- 
ference in the weight of crop raised upon the several patches. But the quality of 
the crop—the weight of dry food raised upon the several patches—might really 
be different notwithstanding. In my remarks, [Appendix, p. 65], upon the Baro- 
chan experiments upon potatoes, made in 1842, | have drawn attention to the 
fact that potatoes sometimes contain as much as 30 per cent. of dry food, and at 
other times as little as 20 per cent., and therefore that a ton of potatoes of one 
kind may contain 6 ewt., while the same weight of another contains only 4 
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ewt. of dry nourishment. It may be, therefore, that as by growing in unlike 
soils or with unequal degrees of rapidity our potatoes may contain different pro- 
portions of water, so by different kinds of dressings which act in the same way 
as natural differences of soil, and cause the plants to develope themselves with 
greater or less rapidity, the same effects may be produced. One kind of saline 
substance, such as nitrate of soda, by hastening the growth, may give us a crop 
of potatoes containing much water, while another, such as sulphate of soda, by 
retarding the growth, may give a crop containing less water—and thus, though 
there may be no difference in the weight of the two crops, they may be very 
unlike in the relative proportions of food they contain. ' 

If such be the case it is of great practical importance to determine the quantity 
of water which our several experimental potato crops contain, since without 
this we may draw very incorrect conclusions as to the value of our experimental 
manures—placing the highest value upon that which gives the greatest weight 
of raw material, and esteeming least, perhaps, that which produces the greatest 
weight of dry food. 

1 would again, therefore, draw the attention of my readers to the subject of 
Suggestions [V. and VI., [Appendix, pp. 63 and 65,] in reference to the deter- 
mination of the quantity of water in their experimental root crops. The 
meet | of doing this is very simple, and has already been described, [ Appendix, 
p. 64. 


Each new series of experimental results we are called upon to examine and 
analyse, will, [ hope, more and more satisfy my readers, as they do myself, 
that this is the true line of procedure, and that though there may be much in 
our reSults at first which may appear contradictory and discouraging, yet that 
out of these crude results, when combined, compared, and frequently repeated, 
the real substance of a rational agriculture will, slowly it may be and with dif 
ficulty, yet surely at last, be extracted, 


———- 
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RESULTS OF EXPERIMENTS IN PRACTICAL AGRICULTURE, MADE 
AT BAROCHAN IN 1848, 


Experiment I1—Upon Potatoes, 


Comparative effects of guano, farm-yard manure, gypsum, &c., by them- 
selves and in mixture, upon Potatoes of different varieties, planted 25th, 26th, 
and 27th April; lifted, measured, and weighed from 12th to 14th October, 
1843. On one-cighth of an imperial acre. 

The portion of the field upon which these potatoes were grown contaims 
about five acres; soil—loam of medium texture, super-incumbent upon trap 
rock. It wes trenched with the spade out of seven years old Jea in the winter 
of 1842 and 1843 to the depth of 16 inches, the sward being turn-spaded into 
the bottom of the trench, and the subsoil a stiff yellow till brought up to the 
top, which mouldered down to a fine mould during the winter. The drills were 
formed for the potato ents with the double-moulded plough, and by the 7th 
June the plants were all brairded in the rows, and were worked in the usual 
manner with the plough, drill, grubber, and hand-hoes. After the drills were 
formed, where the guano was used, it was sown in the drills by the hand, on 

5 5 : ? 
the bottom and sides of the drills, the farm-yard manure being then put in and 
> 
» | 
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> || GUANO s cjaigee o01s sie Space 2] ae, Gere 86 110 15 I21 10! Do. 


pread upon the top of it. Cut sets were then laid on and covered up with 
about three inches of soil. Particular attention should be paid when guano is 
used, that it be well mixed with the soil, as this is of the greatest inyporlance to the 
health of the plants and the bulk of the crop, especially in the case of potatoes and 
turnips. This conclusion has been arrived at after three years’ extensive ex- 
perience in the use of guano asa manure; as it has been found here that the 
more minutely it is spread and worked into the soil the erop is the heavier and 
the better matured. When it has been used in a body immediately under the 
plant, it has always been found to induce a strong vigorous growth of stems 
and leaves, and, in general, to ripen the plant prematurely, and both the potatoes 
and turnips were in consequence deficient in tubers and bulbs. From these 
circumstances it may be inferred—what is indeed known to be the case—that 
the guano does not contain all the ingredients which are required by the plants, 
and that the large proportion of ammoniacal salts it contains—when it is laid 
in amass in immediate contact with the roots of the plants—pushes on the 
growth too quickly with smal stems and delicate leaves. Numerous small 
bulbs are the consequence, and the cultivator being disappointed is led to pro- 
nounce the guano worth!ess, whilst his inferior crop may be in a great measure 
owing to bad management. Whatever may be the reason, however, it has 
been found in using it here that when sown broad-cast the crops of every descrip- 
tion have been benefitted, while, on the other hand, when laid in a body near 
the roots the reverse has been the case. In cutting the potato for seed, gypsum 
in powder was strewed upon the sets when newly cut, and it will be seen from 
No.6 of the table, with good effects in adding to the produce, as where the cuts 
were so powdered, asin No. 6, their superiority over No. 7 (which was not 
done so) 1n point of strength and vigour was most remarkable, and when lift 
the produce was | ton 5 cwt. per acremore than No.7. It may also ina certai 
eusure be a means of preventing failure in the potato, as there was no failure 
in this field where the gypsum was so used on the cuts, while the same seed 
potatoes failed upon another field which was planted at the same time, but 
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where no gypsum was powdered on the sets. At all events, it is worthy of a more 
extensive trial as a preventative, and it will in all soils, where it is deficient, 
add to the produce. It has, at the same time, the merit of being a cheap appli- 
cation, 

There was no great alteration in point of strength or forwardness till the Ist 
of July, when all those patehes upon which the guano had been used began to 
take the lead of those planted with farm-yard manure alone. ‘he guano produced 
a dark green colour and very strong stems and leaves, so much so, that it was 
found when too late that they had been too near planted, 7. ¢., 32 inches between 
the drills, and 12 inches between plant and plant. There would have been a 
far heavier crop if there had been more space, as the strong growing varieties, 
such as the cups and blues, were nearly choked for want of air. [t will be 
seen from the tables that a mixture of guano and farm-yard manure gave a 
greater crop than where either of them was used alone. ‘Phe portion, No. 8, 
was top-dressed with guano when the potatoes were set up for the last time. 
it was sown broad-cast between the drills, after which the drill harrow was put 
through them and the plough fe!lowed, it acted immediately by altering the 
colour to a dark green, the plants putting out, at the same time, new stems and 
leaves, but owing to its being applied so late in the season, there was a larger 
proportion of small potatoes than at the others when lifted. After many trials 
it has been found that the best and most economical way of using guano for the 
potato crop is by adding 2 or 3 cwt. per acre to half the usual quantity of farm- 
yard dung, which will be found lo give, al least, as good a crop as double the quan- 
lily of dung alone, whilst itis much cheaper in the first cost, and saves much 
cartage, which is of the greatest moment to the farmer in spring. [rom its 
effects upon the oat crop of this season, where it was used as a manure for the 
turnip crop of 1842, at the rate of 3 cwt. per acre, it seems permanent—as the 
oats will bear a comparison with those which grew where the land was manured 
with 40 cubic yards of farm-yard dung, and the hay crop, at this time, looks 
as strong and forward as any in the same field. Potatoes manured with guano, 
or dressed with sulphate and nitrate of soda, appear also to be improved in health, 
and the tubers so grown are less apt to fail when cut and planted the following 
season. 

Experiment II].—On Hay. 


Effect of top-dressings of various substances upon three years old Grass, 
mostly Timothy, cut for hay in 1845; top-dressed on the 3d of June; cut on 
the 5th of August; weighed when cut, and again weighed when stacked on the 
28th ot August. Quantity of ground under each dressing—One-eighth of an 
imperial acre. 
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The part of the field where the above dressings were put is a stiff clay loam 
lying quite level upon a sandstone rock, and has a south exposure. The 
dressings were late of being put on, and it was intended for green cutting for 
soiling. but owing to the abundance of other feeding, the parts dressed were 
saved for hay. All the dressings except No. 3 had the eflect of altering the 
colour to a dark green in the course of a week, and they all came away very 
strong and vigorous. No. 3(the compost, see note 1°, p.88,) had the effect of al- 
tering the coiour in about three weeks after being applied, and came away so 
rapidly that it soon gained upon the others in point of strength and luxuriance 
of stems and leaves. It will be seen from the tables that Nos. 4 and 6 gave 
less hay from 1000 lbs. green cut, when used alone, than any of the others ; but 
with the addition of common salt 1000 lbs. gave more than any of the other 
dressed portions. Sulphated urine may be considered a salt of ammonia, all 
ot which salts have been found to give greater bull than almost any other ap- 
plication of salts applied to green produce, but they have invariably been found 
here to give less dry hay when used by themselves. ‘The extra produce from 
the sulphated urine 1s probably owing to its compound nature. It appears from 
the above, therefore, that the most profitable way of using these salts is by 
mixing them with others, and that the more compound the mixture is the better will 
be the crop,* 

Experiment IJI—On Oais. 


Effects of guano upon Oats (potato), sown on the 17th of April; cut and 
weighed on the 15th of September. ‘Thrashed, cleaned, and weighed on the 
24th of October. 
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1 |Guano..........1 3 |7 6/3300] 653 1045) 40 16 13 | 3 20 
2 |Nothing.........] — | — | 2120} 539 749} 42 12 35 — 


Nors.—The above quantities were applied to and reaped from one-fourth of 
an impzrial acre. 

The portion of the field upon which the above oats were grown is a deep 
stiff yellow clay, super-incumbent upon sandstone rock. thas been thoroughly 
drained for a number of years. It had been sown with wheat on the 20th of 
January, 1843, top-dressed with guano at the same time, which was harrowed 
in, but owing to the dampness and constant change from frost and thaw, the 
greatest part of the wheat failed, and was ploughed up on the 15th of April, and 
potato oats sown upon it on the 17th of that month. ‘he oats brairded all 
alike, showing no difference in point of earliness; but by the 9th of Junea 
most remarkable alteration had taken place, the portion which had been dressed 
with guano for the wheat taking the lead of the undressed portion, and being 
of adark green colour with broad leaves, and covering the ground well; whilst 
that which had no dressing was brown and stinted in comparison, and 14 
ground not half covered. ‘t'he two poriions continued throughout the season to 
present the same difference in their appearance, and at the time of cutting there 
was more than a foot in length of straw in favour of the dressed portion. It 
will be seen from the table, however, that although the guano had the effect of 
giving more bushels per acre, the bushels were lighter in weight by 2 lbs. than 
the grain fromthe undressed. It may be remarked, however, that had common 


* See on this subject of mixtures the Anthor’s Elements of Agricultural Chemistry and 
Geology, p. 149. , ¢ ne 
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salt been mixed with the guano, there is reason to believe, from other trials, 
that the grain would not have been deficient in weight per bushel. Ammonia- 
cal salts should at no time be dressed upon grain crops, without, at the same 
time, adding, according to the composition of the soil upon which such crops 
are grown, such other inorganic ingredients as may be required. Few soils, at 
least in this part of the country, appear able to supply these in sufficiency to the 
plants—particajarly the phosphates, which seem always deficient. At least the 
addition of bone-dust or animal charcoal seems always to improve the crops to 
which they are applied. 


Experiment [V.—On Twrnips. 


Comparative effects of guano, farm-yard manure, bone-dust, and animal char- 
coal, by themselvesand in mixtures, on Turnipsof different varieties; lifted, 
topped, tailed, and weighed, in Nov., 1843. 
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he field upon which the above turnips were grown is a light gravelly loam, 
 giehantgey upon a deep gravelly till. The greater part of the field was 
ched with the spade, and all drained with tiles and soles 30 inches deep and 


20 feet apart, in the winter of 1541 and 1842, and in the preparation for the tur- 


* The animal charcoal here used is the refuse of the sugar refiners, and contains about 
Zib. of its weight of bone-earth. 


+ This part of the field was trenched. 
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nip cropin 1842 and 1843, what had not been trenched was subsoiled. The 
turnip crop was sown at different times, as noticed in the tables. All the parts 
brairded well and healthy, and continued to grow without intermission through 
the season. ‘The field contains about 11 acres imperial, and the crop was most 
luxuriant, so much so, that the lightest turnips in any part of the field would 
have been reckoned good. ‘The field was drilled for the crop with the double 
mould plough at 30 inches apart, for swedes and purple top-yellow, and 26 and 28 
inches for Jones’ yellow, which variety is remarkable for very small tops, and, in 
consequence, may be drilled nearer. The difference in the appearance of the 
turnips, where the various manures and mixtures had been applied, was very 
marked. Wherever guano had been applied, the tops were larger than any of 
the others, except No. 3 of the table (Jones’ yellow), upon which sulphate of soda 
was top-dressed, after the plants were thinned. ‘The crop upon this portion was 
remarkable for luxuriance of tops and large bulbs, and gave a very good crop.* 

No. 6 of the table (Jones’ yellow), was upon spade-trenched land, and 
is the only lot where a comparison can be made between trenching and subsoil- 
ing. Where bone dust was used the tops were not so large, and where the ani- 
mal charcoal had been added the tops were least of all and the bulbs largest. Upon 
all the varieties of soils in this farm, the application of animal charcoal or bone 
dust has been of great benefit to all crops—to wheat, barley, oats, hay, and grass 
—the crops being bulkier and of superior quality, especially upon soils superin- 
cumbent on trap rock, giving an evidence that all such soils upon this estate are 
in want of phosphates. This has also been proved by the analysis of several— 
none of them giving more than a trace of phosphates, and some of them none at 
all. Upon all these soils animal. charcoal or bones seem to be indispensable, 
because the grain crops cannot be matured without phosphates of time and 
magnesia. !t appears from the many experiments that have been made here, 
that guano does not contain a sufficiency of the phosphates to supply the erops 
to which it is usually applied, and which, from the greater luxuriance of growth 
its application at all times induces, would be required in gieater quantity accord- 
ing to the bulk of crop. A portion of the animal charcoal of the sugar refiners 
being mixed with it at the time of sowing, will supply the deficiency, and at all 
places inland from the sea, common salt will be founda valuable addition. ‘The 
cultivator who is obliged from deficiency of farm-yard manure to use guano will — 
find that by taking one-half of his usual quantity of farm-yard manure per acre, 
and making up for the other half by the addition of 2 to 4 cwts. of guano, his 
crops will be, at least, as bulky, and his after-crops as good, as if he had used 
40 cubic yards of good dung. Guano, however, should not be used by itself 
upon soils that do not contain a certain amount of vegetable matter (7. ¢. on poor 
sharp soils), but it will in all cases be found an invaluable manure for thorough- 
drained moss soils. 

Nores.—l°?. The compost of coal-tar and saw-dust used in the preceding experiments 1s 
composed of saw-dust or moss 40 bushels, coal-tar 20 gallons, bone-dust 7 bushels, sulphate 
of soda 1 cwt., sulphate of magnesia 14 cwt., and common salt 14 cwt., put together ina 
heap, with 20 bushels of quicklime, and allowed to ferment and heat for three weeks, when 
it is turned, and again allowed to ferment, and is then fit for use. 

2°. In using the nitrate of soda for the last four years in the garden, it has been found 
that top-dressing the leeks ir the month of August or September enabled them to resist the 
effects of winter, whilst those that were not so dressed have invariably failed, and gone to 
decay early in the season; at the same time, it increases their bulk in a remarkable man-~ 
ner. Knowing this effect upon leeks,—a crop that if grown to a large size has a great 
tendency to rot and fail in winter,—might it not have the same effect upon autumn sown 
wheats if dressed with it after they are brairded? This hint ismerely thrown out as worthy 
of trial, as the salt appears to have the power of toughening the fibre or o:herwise enabli 


the plants to withstand the rigours of winter, and in this way might, perhaps, prevent the 
wheat crop from failing in winter, which is often the case, to the great loss and disapp 


ment of the farmer 
Wn. FLEMIN 


Barochan, Feb., 1844. 


* Sulphuric acid and the sulphates appear to exercise a marked action on the turnip crop.—J. 
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REMARKS. 


I submit these experiments to the reader without any lengthened comment. 
The experiments with guano are very seasonable, and will be of much service 
to the thousands of practical men who are now likely to try this valuable 
manure. 

There are three interesting general observations of Mr. Fleming, to which 
alone I would direct especial attention— 

1°. That the potato sets did not fail when powdered with gypsum, and that 
the more extensive trials of this substance which he recommends ought cer- 
tainly to be encouraged. 

2°. That potatoes dressed with guano, or with nitrate and sulphate of soda, 
appear to be improved in health, and are less apt to fail when cut and planted 
the following year. 

3°. That his trap soils are supposed to be especially deficient in phosphates, 
and that the use of bones, in any form, always improved his crops upon these 
soils. 

These three observations are very interesting, and a careful study of the 
tables of results will lead the reader to make other interesting observations and 
deductions for himself. 

It is very satisfactory to me to have been able in this Appendix to incorporate 
the results of experiments performed on three successive years by one so skilful 
and zealous as Mr. Fleming,—conducted every year also with more care, and 
more likely, therefore, to lead to important conclusions. 

The subject of agricultural experiments has now been taken up so warmly 
and so successfully in almost every part of the country, that we may look for- 
ward with confidence to the gradual accumulation of a body of facts, out of 
which correct and practically useful principles may gradually be elicited. The 
large body of experimental results, which the prize offered last year by the 
Highland Society has brought before the public, shows how eagerly the en- 
lightened practical farmers of the present day will follow zhe puidance of such 
as are willing to show them how the art by which they lva wr be really and 
permanently improved. 
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James P. Wricut, Printer, 
) 122 Fulton street. 
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